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APPENDIX A

THE PRODUCTIVITY MODEL

DESCRIPTION OF THE PRODUCTIVITY MODEL

After a critical review of our notes from the shipyard interviews, the
questionnaires, other data, and reports, we constructed Table A-1 which
represents the productivity for the various crafts under selected weather
categories and working locations. The effect of temperature on productivity
in Table A-1 is based on Figure A-1, which is adapted from Figure C-1,
Appendix C. Productivity values for some crafts varied from the norm
according to the relative adverse effect of the weather category on that
craft as indicated by the nature of the work. The values shown in Table
A-1 assume no special Weather protection aside from normal clothing to fit
the conditions. In-ship workers are assumed to be protected from wind
and direct precipitation by ship structures. A special algorithn (Exhibit
A) is applied to cover pass-out conditions for precipitation (or for
relative humidity for painters and blasters). Exhibits B, C, and D provide
explanations of our assumptions, special conditions, and penalties used to
develop Table A-1.

Effective temperature (outside) is defined as the dry bulb temperature
minus the wind speed in mph. This is a reasonable approximation of the
wind chill factor over normal temperature ranges. Me applfed the wind
chill correction to dry bulb temperatures below 80°F. Above 80°F and
within the ship, the effective temperature is the dry bulb temperature.

This model is applied to combinations of weather conditions with
temperature by multiplying the probabilities of each other weather
occurrence with its associated productivity. Under a set of combined
weather conditions, the productivity in each temperature range Is the
product of these separate productivities. The average annual productivity
is the total of the separate productivities within each temperature range.
with this model, We compute the average annual productivity for each craft
and shift and for the entire standard shipyard for each shipyard location.
The sample calculation which follows describes this procedure. A listing

of the computer program to perform these calculations is given in

A-1
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TABLE A-1 (continued). Estimated Productivity (%) of Shipyard Workers Under Various
Weather Conditions

SHADE
CLOUD COVER INDEX
RELATIVE HnIOITY Fs Sam -6p.m,
Yisibility
CRAFTS L2 0100 116 Nile <3 8-1
- . Tm:;?. Tc&p.
OUTSI0E . <$0° F <«<0* F
Painters 100 0 hid 70 100
Welders 10 1o " 0 100
Riggers 100 100 50-Day 70 100
30-Right
Fitters 100 100 50-Day 10 100
30-Night
Others 100 100 " 70 100

INSHIP (Effective Tamperature = Dry Buld Temperature)

Painters 100 0 ?ane a3 85 100
or
Helders 100 100 outside 95 100
crofis
Riggers 199 {<H o $$ 100
Fitters  [4] 100 . 2 100
Others 100 1¢0 . $5 103

3¢ ot Directly Applicable
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1. Doyle, “Controlling Climate Effects”, Tool Engr., 1955 (efficiency curve
prepared under condition of little or no wind.

. General Dynamics, Quincy (DX Study).
ASHVE Guide and Data Book (men at work 90,000 ft-lb of work per hour).

2

3.

4. Constructor, May 1972 (welders, pipefitters, carpenters, electricians).
5. Unidentified shipyard estimate (converted from equivalent temperature
6
7
8

to effective temperature). i )
. Bechtel constructionproject in Canada (winter) - (converted from wind

chill temperature and corrected to 100% efiicienty at 60”F). )
, ASHVE Guide and Data Book (Armstrong’s data for line-maintenance job).
Constructor, May 1972 (laborers, ironworkers, operating engineers).
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Appendix L. Improvements in the average productivity for the entire ship-
yard provide the basis for assessing the cost-effectiveness of various
weather protective facilities.

Sample Calculation

Assume: A welder is working outside on day shift in 30 to 39°F effec-
tive temperature, (already corrected for the wind chill effect). The fre-
quency of wind at this shipyard is 80% less than 12 mph, 15% between 13 to
24 mph, and 5% above 25mph. The frequency of precipitation is 85% none or
trace, 10% at 0.01 in./hr, 3% from 0.02 to 0.09 in./hr, and 2% at O.l+ in./hr.
The welders average productivity in wind alone would be, using these frequen-
cies and the productivity values in Table A-1:

0.80 x 1.00 + 0.15 x 0.80 + 0.5 x 0. = 0.92 Or 92%
The welders average productivity affected by precipitation alone would be

0.85 X 1.00 + 0.10 X 0.80 + 0.03 x 0. + 0.2 x 0. = 0.93 Or 93%

The welders average productivity for the 30 to 39°F effective temperature
range would be the product of the productivities for temperature, wind, and
precipitation, or

0.92 x 0.92 x 0.93 = 0.7870r 79%

IT the 30 to 39°F effective temperature occurred 10% of the time for
the shipyard location, the average annual outside productivity of welders in
this temperature range would be 0.10 x 0.79 or 0.079. The total annual pro-
ductility would be the sum of the productivities for each effective tem-
perature category. This type of calculation is repeated for each shift,
each work location, and each craft.

The total shipyard productivity is the sum of craft, shift, and location
productivities weighted by the number of craftsmen involved. The total ship-
yard productivity (when subtracted from unity and multiplied by the annual
hours worked) indicates the total manhours of productivity lost because of
adverse weather.

A-5



Since fog is not assumed to affect welders and since shade is assumed
to be effective only at temperatures above 80°F, these conditions were not
included in this calculation. Fog and shade, when included, are treated
similarly to wind and precipitation.

ABSENTEEISM AND TURNQVER

Although the shipyards attributed some absenteeism and turnover to the
weather, these were not believed to be major cost factors. Comnents ran from
“less than 5% of the absenteeism is caused by weather” to “its just as well
they do not show up in bad weather, we would have to send them back home
anyway.”

On turnover, it was felt by some that poor working conditions caused by
bad weather led employees to take other work when available. One shipyard
foreman remarked that inside work was preferred by his crew even in good
weather.

Since it was not possible to establish the rate or cost of either
absenteeism or turnover to weather, these factors were omitted from our
model .

An Assessment of Potential Bias in the Model

Our model is intended to provide a simplified approximation of the
real situation. Since the real situation is too complex and too little
understood to permit an economical exhaustive analysis, several simplifying
assumptions were made and several factors were omitted from the model.
These assumptions and omitted factors were examined in order to estimate,
at least qualitatively their overall affect on our reported results. These
factors are listed below according to whether they would tend to increase
or decrease the benefits resulting from increased weather protection in the
shipyards. On balance, we believe that the tendency toward increased
benefits would far outweigh the tendency towards decreased benefits, and
therefore, our results probably understated the potential benefits of
increased weather protection.

A-6



Reasons Why Benefits May Exceed Those Calculated

1.
2.
3.

10.

11.
12.

13.

We purposely tried to avoid overestimating productivity losses.
We did not include costs attributable to absenteeism and turnover.

He did not include potential benefits that might result from the
ability to install more automated equipment through covering.

We did not include benefits from improved lighting.

He did not include benefits resulting from improved accident experience
and the reduced potential for work stoppage for safety reasons under
adverse conditions.

We did not include savings immaterial losses.

We did not include potential benefits from reduced maintenance on
equipnent, and lower capital costs of equipment purchased for inside
use which does not have to be weathertight, hence, costs less, and is
usually less expensive to install than outside in the weather.

We did not include losses resulting from extreme or extended adverse
weather conditions. These would tend to be ameliorated with better
weather protection.

The impact of snow and snow cover on lost production and time spent
searching for and/or reproducing material lost in the snow was not
included.

The savings in eliminating existing space heating and cooling costs
were not included.

Higher and more consistent quality may result.

Smaller structures might be more cost-effective than a complete cover-
ing of an area, since more workers may be covered per unit area.

Hater and snow removal costs were not included.

Reasons Why Benefits May Be Less Than Those Calculated

1. Real conditions may not resemble the model shipyard.

a worker distribution may be different
by the work load may be too variable
cg fixed and variable expenses may be different

A-7



2. Covering may impede work more than estimated.

3. Workers may acclimatize to a greater extent than assumed; thus,
productivity saving may be overstated.

4. Covering costs may be greater than estimated.

5. Other factors may have a much greater effect on productivity and
overshadow the effects of weather.

6. Extreme weather tends to occur less frequently than more moderate
weather. Within each weather class, weather occurrences tend to be
biased toward the moderate. For instance, the temperature is more
frequently between 35°F to 39°F than 30°F to 34°F. In estimating the
productivity of a weather class at the midpoint, we may have introduced
a slight bias toward lower productivity.

The Effects of Meather on Productivity as Determined by the Modei

After applying the productivity model to the weather conditions near
each shipyard location, the results were analyzed to determine the average
annual productivity, both outside and in-ship, for each craft and shipyard
location (Table A-2). The results were also analyzed to determine the
effect of providing protection against specific weather conditions (Tables
A-3 through A-7). The factors in these tables show the estimated produc-
tivity gain for each outside craft at each shipyard location of providing
each type of weather protection. For example, referring to Table A-3,
providing wind protection at San Diego would increase the productivity of
outside painters by 1.034 or 3.4% (1.034 - 1.000). Tables A-4 through A-7
show the relative productivity increases for the other outside crafts.
These factors should be generally applicable to productivity calculations
for other weather protective devices, as described in the next section.

APPLICATION OF PRODUCTIVITY MODEL TO A SPECIFIC SHIPYARD

The productivity model may be applied to a specific weather protection
facility and shipyard through the use of the factors shown in Tables A-3
through A-7. These factors represent the potential productivity increase
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TABLE A-2, Average Annual Productivity by Craft and Work Location

Painters Welders Rigger Fitters Others

Locatian Qutside Inship dutside Inship  Outide Inship  Qutside Inship  Qutside Inship
Baltimore 0.581 0.733 0.721 0.923 0.786 0.908 0.775 0.912 0.812 0.916
New Orleans 0.703 0.799 0.795 0,904 0.854 0.910 0.852 0.910 0.877 0.915
Portland, Oregon 0.706 0.802 0.805 0.967 0.875 0.953 0.869 0.955 0.895 0.960
Norfolk, VA 0.656 0.800 0.759 0.934 0.812 0.9 0.805 0.913 0.850 0.932
Portland, Maine 0.461 0.581 0.685 0.904 0.751 0.883 0.737 0.886 0.779 0.892
New York 0.562 0.748 0.705 0.948 0.777 0.929 0.766 0.932 0.811 0.937
Houston 0.620 0.772 0,732 0.887 0.800 0.894 0.798 0.895 0.833 0.899
Seattle 0.530 0.737 0.749 0.970 0.823 0.949 0.814 0.951 0.857 0.961
San Diego 0.930 0.963 0.956 0.989 0.970 0,986 0.970 0.986 0.980 0.991
Kobile 0.653 0.770 0.779 0.913 0.837 0.915 0.835 0.916 0.862 0.920
Boston 0.499 0.7 0.637 0,924 0.7%7 0.906 0.706 0.909 0.759 0.914
Los Angeles 0.881 0.9 0,928 0.986 0.951 0.982 0,952 0.982 0.967 0.987
Philadelphia 0.610 0.746 0.748 0.930 0.807 0.913 0.796 0.917 0.831 0.92)
Galveston 0.633 0.788 w745 0.898 0.814 ° 0.910 0.812 0.910 0.844 0.913

NOTE: The above table covers only outside and in-ship locations. Crafts located in shops
are unaffected by weather and are assumed to have a productivity of 1.0 (100%).

N e ——————————— - - - v -
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TABLE A-3.

Estimated Productivity Gain for Painters Normally Assigned to Outsic
When Protection ls Previded for Each Adverse Weather Condition

Weather Protection Provided

Rain Wind

Location Shade Protection Dehumidifiers Protection Coolinc
San Diego 1.004 1.000 1.031 1.034 1.004
Mobile 1.026 1.000 1.196 1.162 1.054
Boston 1,006 1.000 1.138 1,439 1.016
Los Angeles 1.003 1.000 1.054 1.067 1.003
Philadelphia 1.010 1.000 1.117 1.223 1.025
New Orleans 1.01 1.000 1.155 1.142 1.061
Norfolk " 1.014 1.000 1.120 1.216 1.032
Portland, Maine 1.004 1.000 1.263 1.262 1.009
New York 1.007 1.000 1.147 1.336 1.012
Houston 1.029 1.000 1.169 1.242 1.071
Seattle 1.002 1.000 1.252 1.258 1.003
Portland, Oregon 1.003 1.000 1.167 1.139 1.008
Baltimore 1.015 1.000 1.137 1.262 1.033
Galveston 1.036 1.000 1.163 1.236 1.057
NOTE: For painters, productivity gains for rain protection are included in the gains

dehumidifiers. It was assumed that rain protection alone gave no productivity

because relative humidity during vain was above 90%, a stop work condition for
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TABLE A-4.

Estimated Productivity Gain for Riggers Normally Assigned to Outside Work
When Protection Is Provided for Each Adverse Weather gondition

Weather Protection Provided

Wind

Location _Shade Progglgion Dehumidifiers Protection __ Cooling  Heating
San Diego 1.003 1.005 1.000 1.012 1.004 1.007
Mobile 1.024 1.021 1.000 1.021 1.078 1.032
Boston 1.007 1.024 1.000 1.266 1.014 1.054
Los Angeles 1.004 1.008 1.000 1.028 1.004 1.007
Philadelphia 1.010 1.018 1.000 1.126 1.021 1.048
New Orleans 1.on 1.021 1.000 1.062 1.056 1.012
Norfolk 1.014 1.021 1.000 1.113 1.028 1.040
Portland, Maine 1.004 1.024 1.000 1.169 1.007 1.100
New York 1.006 1.021 1.000 1.198 1.025 1.020
Houston 1.028 1.0%7 1.000 1.109 1.065 1.012
Seattle 1.001 1.023 1.000 1.150 1.003 1.029
Portland, Oregon 1.002 1.026 1.000 1.081 1.007 1.021
Baltimore 1.013 1.019 1.000 1.151 1.027 1.043
Galveston 1.036 1.012 1.000 1.106 1.057 1.002

NOTE: No productivity allowance was made for humidity control for crafts other than painters.
It was assumed that the productivity estimates for each temperature range included the
average effects of humidity.
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TABLE A-5. Estimated Productivity Gain for Fitters Nofma]ly Assigned to Outside Work
When Protection Is Provided for Fach Adverse Weather Condition

Weather Protection Provided

Rain Wind
Location Shade Protection Dehumidifiers Protection Cooling Heating
San Diego 1.003 1.005 1.000 1.012 1.004 1.007
Mobile 1.024 1.021 1.000 1.080 1.051 1.009
Boston 1.006  1.025 1.000 1.278 1.013 1.06
Los Angeles 1.003 1.008 1.000 1.027 1.003 1.009
Philadelphia 1.010 1.019 1.000 1.137 - 1021 1.051
New Orleans 1.012 1.020 1.000 1.065 1.056 1.01
Norfolk 1.014 1.021 1.000 1.120 1.029 1.091
Portland, Maine 1.004 1.023 1.000 1.179 1.007 1.113
New York 1.009 1.019 1.000 1.210 1.025 1.024
Houston 1.029 1.017 1.000 1.112 1.066 1.010
Seattle 1.001 1.023 1.000 1.162 1.003 1.029
Portland, Oregon 1.002 1.026 1.000 1.087 1.008 1.022
Baltimore 1.013 1.019 1.000 1.193 1.027 1.047
Galveston 1.036 1.013 1.000 1.107 1.057 1.003

NOTE: No productivity allowance was made for humidity control for crafts other than painters.
[t was assumed that the productivity estimates for each temperature range included the
average effects of humidity.
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TABLE A-6.

Estimated Productivity Gain for Other Crafts Normally Assigned to OQutside
Work When Protection Is Provided for Each Adverse Weather Condition

Weather Protection Provided

Rain Wind
Location Shade Protection Dehumidifiers Protection Cooling Heating
San Diego 1.004 1.004 1.000 1.008 1.005 1.000
Mobile 1.024° 1.018 1.000 1.055 1.051 1.004
Boston 1.005 1.020 1.000 1.207 1.013 1.051 °
L.os Angeles 1.004 1.007 1.000 1.018 1.004 1.001
Philadelphia 1.010 1.015 1.000 1.102 1.020 1.044
New Orleans 1.01 1.017 1.000 1.042 1.056 1.008
Norfolk 1.014 1.017 1.000 1.088 1.029 1.019
Portland, Maine 1.004 1.019 1.000 1.140 1.006 1.094
New York 1.007 1.017 1.000 1.157 1.022 1.018
Houston 1.028 1.015 1.000 1.073 1.065 1.007
Seattle 1.000 1.020 1.000 1.120 1.003 1.017
Portiand, Oregon 1.002 v.022 1.000 1.066 1.008 1.037
Baltimore 1.012 +.017 1.000 1.123 1.027 1.038
Galveston 1.036 1.011 1.000 1.069 1.058 1,000

NOTE: No productivity allowance was made for humidity control for crafts other than painters.
It was assumed that the productivity estimates for each temperature range included the
average effects of humidity.



L~y

TABLE A-7. Estimated Productivity Gain for Welders Normally Assigned to Qutside Work
When Protection Is Provided for Each Adverse Weather Condition

Weather Protection Provided

Rain Wind -
Location Shade Protection Dehumidifiers Protection Cooling Heating
San Diego 1.004 1.013 1.000 1.023 1.005 1.000
Mobile 1.023 1.048 1.000 1.122 1.063 1.12)
Boston 1.005 1.067 1.000 1.364 1.016 1.056
Los Angeles 1.003 1.019 1.000 1.047 1.005 1.002
Philadelphia 1.009 1.052 1.000 1.179 1.027 1.046
New Orleans .01 1.047 1.000 1.102 1.072 1.006
Norfolk 1.013 1.052 1.000 1.169 1.036 1.021
Portland, Maine 1.003 1.066 1.000 1.223 1.009 1.106
New York 1.006 1.058 11,000 1.276 1.014 1.030
Houston 1.027 1.040 1.000 1.173 1.082 1.008
Seattle 1.001 1.076 1.000 1.212 1.004 1.018
Portland, Oregon 1.002 1.074 1.000 1.113 1.010 1.027
Baltimore 1.012 1.052 1.000 1.209 1.033 1.043
Galveston 1.035 1.030 1.000 1.170 1.076 1.000

NOTE: No productivity allowance was made for humidity control for crafts other than painters.
It was assumed that the productivity estimates for each temperature range included the
average effects of humidity.



attributablee to each weather condition for each craft, work location, and
shipbuilding region. An individual shipyard could estimate the productivity
gain a weather protection facility at their shipyard using the following
formula.

Pg =P, X Py x P, oeee X Pl

where
Pg = fraction productivity gain for each craft and location affected

Pa = fraction gain for that craft and location for a specific weather
protection, e.g., wind

Py - fraction gain for each craft, location, and second weather
protection, e.g., shade

P.= fraction gain for each craft, location, and third weather
protection, e.g., rain

P, = continue for each additional weather protection category
Then, taking the number of craft people protected by the facility

Annual $ saved each craft and location = P,x effective annual wage
expense for craft x number of craft people protected

Total $ saved ¥ $ saved for each craft and location.

For illustration, assme the weather protection facility is a completely
enclosed, unheated and uncooled, building for 35 welders in Baltimore. The
building provides shade and complete protection from rain and wind. *The
estimated productivity gain (using factors for Baltimore from Table A-7)
would be

P,= "shade P, x Pwind -1

rain

1.012 X 1.052 X 1.209-1
0.287 (28.7%)

Assume the average annual expenditure per welder is $20,000.
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Then, the annual dollar savings for increased productivity for this
facility would be (for 35 welders)

0.287 X $20,000 X 35 = $200,000

In other words, $200,000 of additional work could be performed annually
by these welders. A greater savings would result if overtime premiums were
reduced, and an even greater savings would result if a greater shipbuilding
capacity were achievable; i.e., to the extent that the welders were on the
critical path. If other crafts were also protected from weather by this
facility, the dollars saved would be added for each craft. The total
dollars saved annually should be compared with the total annual dollar
expenditure for each facility to determine the cost-effectiveness of the
facility.

If this analysis appears cost-effective, the estimates of productivity
which form the basis for the model (Table A-1) should be re-evaluated for
the local situation and the analysis repeated, if lower productivity factors
are indicated. Alternatively, new productivity estimates could be entered
in the computer program data base, Appendix Land the program could be run
to obtain” new productivity factors.
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EXHIBIT A

ALGORITHM FOR PRECIPITATION COVERING PASS-OUT CORDITIONS AND
TRANSFER OF WORKERS TO PROTECTED LOCATIONS

Workers will be passed out only for Precipitation rates greater than.
.02"7/hr or, for painters and blasters only, for relative humidity
occurrences greater than 90%. The occurrences of precipitation will be
averaged over each shift in the following categories: .01"/hr; .02" - .09"/
hr; .1" Or greater/hr.

(1) ALl workers will work in .01"/hr precipitation at the reduced
productivity rate. No pass-outs.

(2) For the two precipitation categories of _02" and greater/hr,
we will assume that 20% of the workers will be passed out
sometime during the shift, and the remaining 80% will work
the entire shift at the reduced productivity rate.

() We will assume that on the average the pass-outs will
occur rather uniformly throughout the shift; that is:

() 1/4 of the time, the workers will be sent home
at the beginning of the shift; work - 2 hours
pay.

(i)  1/4 of the time, the workers will be sent home
after 2 hours; 2 hours work - 4 hours pay.

(iii) 1/4 of the time, the workers will be sent home
after 4 hours; 4 hours work - 4 hours pay.

(iv) 174 of the time, the workers will be sent home
with 6 hours work and 6 hours pay.

As shown in Table A-8 this can be sumarized as 7.2 hours (90%) are
paid, on the average, for 7.0 hours (87.5%) work for these occurrences.

The productivity during the work periods is, of course, reduced according
to Table A-1.

(b) In those cases where outside productivity would be zero, as
for painters and welders, we will assume that 1 hour of each
work day is lost transferring 80% of the workers to inside
work. We will further assure the same 80% were transferred
to inside work at the beginning of the shift in anticipation
of precipitation. Table A-8 then becomes for these instances:

7.2 hours pay
.6 hours outside work - 100% productivity (average hours

of outside work performed by the 20% of the workers
before being passed out)

5.6 hours inside work - @ applicable productivity rate
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TABLEA-8. Assumed Paid Time and Hours Worked When Precipitation
Rate >.02"/Hr

Fraction Fraction HWeighted Hours Weighted
of Time of lorkers Hours Pay Hours Pay Hork Hours Work
174 .2 2 A 0 0
.8 8 1.6 8 1.6
74 .2 4 .2 2 1
.8 8 1.6 8 1.6
1/4 .2 4 .2 4 .2
.8 8 1.6 8 1.6
174 .2 6 .3 6 .3
.8 8 1.6 8 1.6
02 7.0
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EXHIBIT B

EXPLANATIONS OF SPECIAL CONDITIONS AND PENALITIES MHICH APPLY TO
THE PRODUCTIVITY TABLE A-1

(Comparisons are to all other crafts)

(1) Painters will work outside only when actual temperature is 35°F
or above.

(2) Painters’ productivity was penalized additional 5% for temperatures
over 90°F because some paints cannot be applied in this temperature
range.

(3) Painters’ productivity in wind is penalized additionally because
of high paint losses; i.e., more spraying is required to achieve
same coating thickness.

(4) Painter will work outside only when the relative humidity is less
than 90%. The effect of fog and other precipitation is included
in the relative humidity affect.

(5) Welders and fitters are penalized 5% when effective temperature
is below 29°F caused by more preheating time and the effect of
cold steel on the welders comfort.

(6) Welders are penalized 5% when effective temperature exceeds 80”F
for additional fatigues caused by heat radiation from hot steel.

(7) Riggers are penalized 5% at temperatures <5°F because of reduced
service availability of cranes.

(8) Welders are penalized in wind because of greater difficulty in
positioning parts, higher reject rates, and difficulty in maintaining
gas shields for MIG and TIG welding.

(9) Riggers and fitters are penalized in high wind reflecting difficulty
in positioning structures, crane operations. Some operations must
stop in winds in excess of 20 mph. Nearly all operations stop with
winds in excess of 40 mph.

(10) Extra penalties for welders for precipitation are brought about by
extra time for drying joints, interrupted work, or rework. Penalties
for other crafts reflect more difficult working conditions.

(11) Fog directly affects only the crane operations and the riggers and
fitters who work more closely with the crane operators.

(12) The absence of shade tends to increase the effective outside
temperature about 10°F causing an additional 30% loss of productivity
in the sun when the temperature is above 80°F. We will assume that
outside workers are in the shade half of the time.
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EXHIBIT C

ASSUMPTIONS OF PRODUCTIVITY FOR WORKERS PROTECTED BY
THE SHIP”S STRUCTURE

Workers are generally protected from wind and rain. The effectlve

temperature is the dry bulb temperature. These productivities assume no-
additional heating, cooling, or dehumidifying, but assume minimum ventila-
tion to remove fumes from painting and welding.

@

0

©)

O]

©®)

(6

At temperatures above 80°F, a 5% penalty is assessed for buildup of
heat from men and equipment. Heat from welding is assumed to cause
an additional 5% penalty.

Heat provided by welding increases productivity to 100% in the
temperature range of 30-39°F.

Painters” 70% productivity in 30-39°F temperature range reflects
loss of productivity below freezing point, time waiting for
temperature to rise, drying surfaces, etc.

Loss of productivity in high wind and rain is caused by increased
difficulty and delays in supplying needed parts, tools, and
materials; drafts, dust, leaks, and noise interfering with work
and causing uncomfortable or more hazardous working conditions;
hesitancy of workers to transfer between work stations involving
exposure to the elements; extra work to secure parts and equipment;
and general interdependency on some outside work.

Without drying equipment, relative humidity within ship is assumed
to be the same as outside. In many instances, it is worse,
particularly below the water line during outfilling.

Lack of shade is assumed to increase temperature within the ship,
reducing productivity further
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EXHIBIT D

ASSUMPTIONS TO BE USED IN THE CALCULATIONS

The annual hourly occurrences of effective temperature and dry
bulb temperature will be used for the Productivity measurements
for each” shift.

The percentage occurrence of wind will be averaged for each shift.

The percentage occurrence of precipitation and >90% relative
humidity will be averaged for each full shift.

The annual % frequency of fog will be applled to each shift.
The correction for lack of shade will De made to that portion of the

shift affected. We will assume shade and cloud cover are beneficial
from 9 a.m. through 6 p.m. when the dry bulb temperature exceeds 80°F.
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APPENDIX B

WEATHER DATA FOR U. S. SHIPYARD LOCATIONS

A summary of annual weather observations near each shipbuilding
location is presented in Exhibit A. These tables were taken from a
“Summary of Hourly Observation” from the Decennial Census of United States
Climate, 1951-1960, U. S. Department of Commerce. Exhibit A also contains
precipitation data for Seattle and Mobile covering a five-year period and
precipitation data for Newark, New Jersey, which was substituted for the
missing precipitation data for New York Internatioal.

The tables in Exhibit A are reproduced from the best available copies.
These data are not used directly in the computer model. For use in the
computer model, these annual data were disaggregated into frequencies of
occurrence for the three standard work shifts (Exhibit B). These data
(Exhibit B) were input to our computer model and are the same data a
shipyard would use.
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APPENDIX B, EXHIBIT A

ANNUAL SUMMARIES OF HOURLY WEATHER OBSERVATIONS
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In Tables A and C, occurrcnces are for tho average year (10-year total divided by 10),
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APPENDIX B, EXHIBIT B

FREQUENCY OF ANNUAL WEATHER OCCURRENCES BY WORK SHIFT
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Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Location _Portland, ME

FREQUENCY OF ANNUAL OCCURRENCES

Drybulb Tenperature

<5 5-19 20-29  30-39

40-79 80-89 90-39 100+

.016 074 118 171
013 .069 .118 .192
.008 .057 .108 .207

.579 .039 .003 .0
.586 .022 001 .0
.611 .009 .0 .0

Effective Temperature

<5 5-19 20-29  30-39

40-79 80-89 90-99 100+

.069 .165 .160 . 156

.057 .161 .175 .168
.044 .147 .181 .183
Wind Speed

<13 13-24 25+
.5813 .3975  .0213
.8438 L2212 0125
.8375 .2571 .01

Precipitation

"None or

Trace .01 .02-.09 .1+
.916 .022 .046 .016
913 .027 .048 .012
.898 .031 .053 .018

Relative
Humidity

.408 .039 003 .0
416 .022 001 .0
436 .009 0 .0

Cloud Cover

Shift Sunny

Day .4200

Afternoon .1837
Fog

(Visibility <1/16 Mile)

Average - .Olé-

Correction of Effective
Temperature for Painters Only

90 90-100

.835 .165
.700 .300
.510 .490
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<5 519 20-29  30-39
.069 .141 050  .013

.057 .138 .081 .018
.044 .123 .086 .022
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Shift

Day
Afternoon
Night

Shift

Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift

Day
Afternoon
Night

Location Boston

FREQUENCY OF ANNUAL OCCURRENCES

Brybulb Temperature

<5 5-19 20-29 30-39

40-79 80-88 90-99 100+

0.002 0.036 0.039 0.168 0.641 0.055 0.009 O
0.001 0.030 0.080 0.174 0.664 0.046 0.005 O.
0.0 0.019 0.064 0.179 0.706 0,028 0.003 O

Effective Temperature

<5 5-19 20-29  30-39

40-79 80-89 - 90-99 100+

0.063 0.163 0.153 0.150 0.407 0.055 0.009 O.
0.052 0.146 6.156 0.163 0.433 0.046 0.005 0.0
0'0

0

0.037 0.131 0.165 0.173 0.463 0.028 0.003

Wind Speed
<13 13-24 25+
0.3925 0.5413 0.0688

0.4838 0.4750 0.0450
0.5838 0.3800 0.0325

Precipitation

None or
Trace .01

.02-009 o]+

0.912 0.027 0.043 0.018
0.912 0.027 0.045 0.016
0.903 0.031 0.046 0.020

Relative
Humidity
90 90-100
0.8900 0.1100

0.8500 0.1500
0.7800 0.2200

B-22

Cloud Cover

Shift Sunny
Day 0.4150
Afternoon - 0.1812
Fog
(Visibility <1/16 Hile)
Average .01

Correction of Effective
Temperature for Painters Only

<5 5-19 .= 20-29 30-39
0.063 0.101  0.040 0.003

0.052 0.091 0.041 0.003
0.037 0.076 0.041 0.005

-



| Ng— — | N | S, L

S —— [ —

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Location

lew York

FREQUENCY OF ANNUAL OCCURRENCES

Drybuib Temperature

<5 5-19 20-29 30-39 40-79 80-89 90-99 100+
0.0 0.007 0.072  0.168 0.694 0.053 0.006 0.0
0.0 0.005 0.061 0.170 0.719 0.042 0.004 0.0
0.0 0.003 0.047 0.169 0.750 0.029 0.002 0.0
Effective Temperature
<5 5-19 20-29 30-39 40-79 80-89 90-99 100+
0.028 0.121 0.154 0.161 0.476 0.053 0.006 0.0
0.023 0.108 0.162 0.165 0.497 0.042 0.003 0.0
0.016 0.095 0.15¢ 0.172 0.530 0.029 0.002 0.0
HWind Speed Cloud Cover
<13 13-24 25+ Shift Sunny
. Day
0.4763 0.4800 0.0450 Afternoon 0.5612
0.5713 0.4000 0.0313 0.1912
0.7050 0.2738 0.0200
Precipitation Fog
None or (visibiTity <1/16 Mile)
Trace .01  .02-.09 .1+
0.926 0.020 0.039 0.015 Average 0.01
0.925 0.021 0.040 0.014
0.920 0.021 0.042 0.017
Relative Correction of Effective
Humidity Temperature for Painters Only
90  90-100 <5  5-19  20-29  30-39
0.8862  0.1138 0.028 0.078 0.040  0.006
0.8362  0.1638 0.023 0.067 0.040  0.006
0.7325 0.2675 0.016 0.055 0.038  0.006
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Shift
pay
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Ltocation Phi?adeTghia

FREQUENCY CF ANNUAL OCCURRENCES

Drybulb Temperature

<5 5-19 20-29 30-39 40-79 80-8% 90-99 100+
0.0 0.021 0.070 0.167 0.629Y 0.097 0.017 0.000
0.0 0.017 0.064 0.172 0.659 0.077 0.011 0.0
0.0 0.013 0.048 0.171 0.719 0.046 0.004 0.0
Effective Temperature
<5 5-19 20-29  30-39 40-79 80-89 90-99 100+
0.019 0.105 0.144 0.150 0.473 0.093 0.016 0.000
0.016 0.096 0.150 0.158 0.493 0.077 0.011 0.0
" 0.011 0.071 0.145 0.168 0.555 0.046 0.004 0.0
Wind Speed Cloud Cover
<13 13-24 25+ Shift Sunn
By =
0.6188 0.3613 0.0175 Afternoon 0.4275
0.7425 0.2475 0.0100 0.1925
0.8188 0.1788 0.0063
Precipitation Fog
None or (Visibility <1/16 Mile)
Traca 0011 -02".0 .1|+
Average 0.01
0.935 0.018 0.036 0.011
0.929 0.020 0.037 0.014
0.923 0.020 0.039 0.018
Relative Correction of Effective
Humidity Tewperature for Painters Only
90 90-100 <5 5-19 20-29 30-39
0.9062 0.0938 0.019 0.079 0.052 0.012
0.8300 0.1200 0.016 0.073 0.055 0.015
0.7137 0.2863 0.011  0.050 0.053 0.019
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Location Baltimore

FREQUENCY OF ANNUAL OCCURRENCES

Drybulb Temperature

[P

PRV Y PSSP S VPN e )

B-25

Shift <5 5-19 20-29 30-39 40-79 80-89 90-99 100+
Da
Af{ernoon .0 .017 .065 .163 622 .107 025 .0
Night .0 .016 .061 .160 .660 .087 017 .0
.0 .015 .055 .166 714 .048 gt L0
Effective Temperature
Shift <5 5-19 20-29 30-39 40-79 80-89 90-99 100+
Day '
Afternoon ,023 .110 157 .163 .415 .107 .025 1}
Night .016 .093 .151 .162 .475 .087 .017 0
012 .078 .144 .167 .b47 .048 .004 0
Hind Speed Cloud Cover
Shift <13 13-24 25+ Shift Sunny
Day Day
Afternoon .5900 .3813  .0300 Afternoon . .4688
.8025 .1888 .01
Precipitation Fog
None or (Visibility <1/16 Mile)
Shift Trace .01 .02-.09 .1+
Day Average 01
Afternoon .933 .020 .035 .012
Night .927 .020 .037 .016
.929 .019 .038 .014
Rela*t .2 . Correction of Effective
Humidity Temperature for Painters Only
Shift 90 90-100 <5 5-19 20-29 30-39
i Day
i Afternoon .8912 .1088 .023 074 .051 .009
Night .8575 -1425 -.016  .068 .056 011
.6837 .3163 .061 .058 .015

.012
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Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift

Day
Afternoon
Night

Shift
Day
Afternoon
Night

Location RNorfolk, VA.

FREQUENCY OF ANNUAL OCCURRENCES

Drybulb Temperature

<5 5-19 20-29 30-39 40-79 80-89 90-99 100+

.0~ .003 .033 111 .704 121 .028 .0
0 .001 .026 .106 .752 .097 .018 .0
.0 0 .019 .100 .81 .063 .008 .0

—~hddective Temperature

<5 5-19 20-29  30-39 40-79 80-89 90-99 100+

.007 .060 12 .158 514 .121 .028 .0
.004 .049 .104 .155 573 .097 .018 .0
.002 .036 .092 .155 .645 .063 .008 .0

HWind Speed Cloud Cover
<13 13-24 25+ Shift Sunny
Day
.5550 .4263 .0175 Afternoon .4700
. 7250 .2625 .0125 .1987
.7313 .2588 .0100
Precipitation Fog
None or (Visibility <1/16 Mile)
Trace .01 .02-.09 .1+
Average .04
.935  .017 .033 .015
.927 .020 .035 .018
.32 .018 .037 .013

Relative Correction of Effective
Humidity Temperature for Painters Only
90 90-100 <5 5-19 20-29 30-39
.9375 .0825 .07 .039 .028 .007
.8375 .1625 .004 .030 .027 .008
.6612 .3388 .002 .019 .024 .01
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Shift
bay
Afternoon
Night

Shift
Day
Afternoon

NiAh+
wIyou

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Location Mobile

FREQUENCY OF ANNUAL OCCURRENCES

Drybulb Temperature

<5 5-19 20-29 30-39 40-79 80-85 90-99 100+

0.0 0.000 0.008 0.043 0.689 0.21¢ 0.049 0.000
0.0 0.0 0.006 0.037 0.789 0.145 0.023 0.0
0.0 0.0 0.004 0.028 0.874 0.086 0.008 0.0

Effective Temperature

<5 5-19 20-29  30-39 40-79 80-89 90-99 100+

0.001 0.022 0.059 0.117 0.541 0.210 0.049 0.000
0.0 6.015 0.048 0.101 0.667 G.145 0.023 G.0
0.0 0.009 0.036 0.082 0.779 0.086 0.008 C.0
Wind Speed Cloud Cover
<13 13-24 25+ Shift Sunny
Day
0.5763 0.4088 (.0175 Afternoon 0.4862
0,7775 0.2163  0.0050 0.2087
0.8275 0.1638 0.(963
Precipitation fog
None or (visibility <1/16 Mile)
T!"a'" o1 ioz'igg 614'
Average 0.01
0.941 0.011 0.026 0.022
0.938 0.0613 0.028 0.021
0.957 0.010 0.020 0.013
Relative Correction of Effective
Humidity Temperature for Painters Only

90 90-100 _<5_ 5-19 20-23  30-39

0.9087 0.0913 . .012 0N 0.001
0.7187  0.2813 0.0 0007 0010  0.001
0.4650  0.5350 0.0  0.004 0.006 0.001
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Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night .

Shift
Day
Afternocon
Night

Shift
Day
Afternoon
Night

e e e,

P

i
¢
.

Location

New Orleans

FREQUENCY OF ANNUAL OCCURRENCES

Drybulb Temperature

B-28

<5 5-19 20-28  30-39 40-79 80-89 90-99 100+
.0 .0 .001 .023 .682 .245 .048 .0
.0 .0 .0 .020 .758 .197 .026 .0
0 0 .0 .015 .870 .106 .08 .0
Effective Tempérdture —
<5 5-19 20-29 30-39 40-79 80-89 90-9 100+
.0 .012 .043 .090 .560 .246 .048 .0
.0 .009 .031 .077 .662 197 .026 .0
.0 .005 .019 .058 .804 .106 .008 .0
Wind Speed Cloud Cover
<13 13-24 25+ Shift Sunny
Day
.6025  .3825 015 Afternoon -6150
.8038  .1888  .0001 -2075
.8425 .1475  .0001
Precipitation Fog
None or ) (Visibility <1/16 Mile)
Trace .01 .02-.09 .1+
Average .01
.938 .012 .028 .022
.946 .013 .025 .016
.960 .010 017 .013
Relative Correction of Effective
Humidity Temperature for Painters Only
90 90-100 <5 5-19 20-29 30-39
.9125 .0875 .0 .002  .002 .001
.8087 .1913 .0 .001 .002 .002
.4800 .5200 0 .001 .001 .003




Shift
Day
Afternoon
Night

Shift
Day
Afternoon

Night

shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

tocation  Houston

FREQUENCY OF ANNUAL OCCURRERCES

Drybulb Temperature

<5 5-19 20-29 30-39 40-79 80-89 90-99 100+
0.0 0.0 0.002 0.024 0.652 0.248 0;073 0.0
0.0 0.0 0.001 0.024 0.728 0.202 0.045 0.0
0.0 0.0 0.002 0.022 0.855 0.108 0.013 0.0
Effective Temperature
<5 5-19 20-29  30-39 40-79 80-8% 90-99 100+
0.001 0.014 0.048 0.106 0.510 0.248 0.073 0.0
0.0 0.012 0.044 0.094 0,602 0.203 0.045 0.0
0.0 0.011 0,033 0.081 0.754 0.108 0.013 0.0
Wind Speed Cloud Cover
<13 13-24 25+ Shift Sunny
Day
0.4713 0,4838 0.0463 Afternoon 0.4400
0.5600 0.4188 0.0188 0.2000
0.7463 0.2425 0.0100
Precipitation Fog
None or (Visibility <1/16 Mile)
Trace .01 .02-.09 .1+
Average 0.01
0.953 0.013 0.026 0.018
0.955 0.013 0.02¢ 0.012
0.960 0.012 0.017 0.0
Relative Correction of Effe&tive
Humidity Temperature for Painters Only
90 90-100 <5 5-19 20-29 30-39
0.9000 0.1000 0.00f 0.005 0.004 0.0
0.8000 0.2000 0.0 0.004 0.004 0.0
0.4637 0.5363 0.0 0.004 0.003 0.0
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Shift
Day
Afternoon
Night

Shift

Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

tocation Galveston

FREQUENCY OF ANNUAL OCCURRENCES

Drybulb Temperiduse

<5 5-19 20-29 30-39 40-79 80-89 90-99 100+
0.0 0.0 0.0 0.013 0.653 0.324 0.010 0.0
0.0 0.0 0.0 0.012 0.681 0.301 0.007 0.0
0.0 0.6 0.0 0.0

0.003 0.717 0.270 0.004

Effective Temperature

<5 5-19 20-29  30-39 40-79 80-89  90-99 100+

0.001 0.015 0.041 0.089 0.519 0.324 0.010 0.0
0.0 0.015 0.036 0.080 0.561 0.307 0.007 0.0
0.0 0.012 0.028 0.066 0.619 0.270 0.003 0.0
Wind Speed Cloud Cover
<13 13-24 _25+ Shift Sunny
Day
0.4550 0.5163 0.0300 - Afternoon 0.4987
0.5763 0.3975 0.0263 0.2112
0.6275 0.2438 0.0300
Precipitation Fog

None or (Vvisibility <1/16 Mile)

Trace .01 .02-.09 .1+

Average - .005
0.955 0.011 0.021  0.013 g

0.968 0.010 0.014  0.008

0.963 0.010 0.016  0.011

Relative Correction of Effective

Humidity Temperature for Painters Only
90  90-100 ‘ <5 5-19  20-29  30-39
0.8850 0.1150 0.001 0.002 0.001 0.0
0.7987 0.2013 0.0 . 0.002 0.001 0.0
0.69 0.31 0.0 0.001 0.0 0.0
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Shift
Day
Afternoon
Night

\

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

-tocation San Diego, CA ..

FREQUENCY OF ANNUAL OCCURRENCES

Drybulb Témperatu;;i

> vx - 4
<5 5-19 20-29 30-33 40-79 80-8% 90-99 100+
.0 .0 .0 .001 .963 .033 .003 .0
.0 .0 0 .0 .986 .013 .0 .0
.0 .0 .0 .0 .991 .008 .0 .0
Effective Temperature
<5 5-19 20-29  30-39 40-79 80-89 90-99 100+
.0 .0 .0 .018 .946 .033 .003 .0
.0 .0 .0 016 .971 .013 .0 .0
.0 .0 .001 .018 .973 .008 .0 .0
Wind Speed Cloud Cover
<13 13-24 25+ Shift Sunny
Day
.8638 .1350  .0025 Afternoon -6265
.9638 ,0350 .0013 -2750
.9800 .0200 .0013
Precipitation Fog
None or (Visibility <1/16 Hile)
TY‘&CE 001 002‘009 0]"' :
Average .01
.983 .006 .007 .004
.981 .006 010 .003
.975 .009 .013 .003
Relative Correction of Effective
Humidity Temperature for Painters Only
90 90-100 <5 5-19 20-29 30-39
.9862 .0138
.9512 .0488 '8 .g .g .g
.8275 1725 ‘0 ‘0 :0 :0
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Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Location

Los Angeles

FREQUENCY OF ANNUAL OCCURRENCES

Drybulb Temperature

80-89

<5 5-19 20-29 30-39 40-79 90-99 100+
0.0 0.0 0.0 0.007 0.966 0.030 0.002 0.000
0.0 0.0 0.0 0.000 0.988 0.011 0.0 0.0
0.0 0.0 0.0 0.002 0.989 0.009 0.0 0.0
Effective Temperature
<5 5-19 20-29  30-39 40-79 80-89 90-99 100+
0.0 0.000 0.006 0.049 0.912 0.030 0.002 0.000
0.0 0.0 0.002 0.040 0.946 0.011 0.0 0.0
0.0 0.0 0.004 0.041 0.946 0.009 0.0 0.0
Wind Speed ) Cloud Cover
<13 13-24 25+ Shift Sunny
Day
0.7838 0.2100 0.0063 Afternoon .0.3950
0.8675 0.1275 0.0038 0.2600
0.9738 0.0263 0.0013
Precipitation Fog
None or (Visibility <1/16 Mile)
Trace 01 .02-.09 .1+
0.01
0.974  0.006 0.008 0.012 Average
0.978 0.005 0.014 0.003
0.977 0.007 0.011 0.005
Relative Correction of Effective
Humidity Temperature for Painters Only
0 90-100 <5 5-19 20-29 30-39
0.9737 0.0263 0.0 0.0 0.0 0.0
0.9112 0.0888 0.0 0.0 0.0 0.0
0.7762 0.2238 . 0.0 0.0 0.0 0.0
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Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift

Day
Afternoon

Night

Location

Portland, OR

FREQUENCY OF ANNUAL OCCURRENCES

Drybulb Temperature

<5 5-19 20-29 30-39 40-79 80-8% 90-99 100+
.0 .002 .019 .097 .84? .033 006 .0
.0 .001 .018 a1 .83% .032 004 .0
.0 .0 .019 176 .803 .002 .0 .0
Effective Temberature
<5 5-19 20-29  30-39 40-79 80-89 90-99 100+
.006 .034 .096 .184 .641 .033 006 .0
.004 .034 .102 .200 .624 .032 004 .0
.001 .032 .135 .275 .554 .002 .0 .0
Wind Speed Cloud Cover
<13 13-24 25+ Shift Sunny
Day
.7638 .2238 .0100 Afternoon . 2087
.7763 2163 .0088 .1500
.8600 .1325 .0075
Precipitation Fog
None or (Visibility <1/16 Mile)
Trace .01 ,02-.09 .1+ ol
Average .
.880 -+ .043 067 .010 g
.884 .043 .063 .010
.885 041 .065 .009
Relative . Correction of Effective
Humidity Temperature for Painters Only
90 90-100 <5 5-19 20-29 30-39
.8712 .1288 .006 .018 .016 .012
.8275 1725 .004 .034 .019 .015
.6250 .3750 014 .029 .028
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Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon
Night

Shift
Day
Afternoon

Night

location Seattle

FREQUENCY OF ANMUAL OCCURRENCES

Drybulb Temperature

<5 5-19 20-29 30-39 40-79 80-89 90-99 100+
0.0 0.003 0.018 0.123 0.838 0.016 0.002 0.0
0.0 0.002 0.017 0.138 0.830 0.013 0.001 0.0
0.0 0.001 0.015 0.199 0.783 0.002 O 0.0
Effective Temperature
<b 5-19 20-29 30-39 40-79 80-89 90-99 100+
0.005 0.056 0.158 0.247 0.517 0.016 0.002 0.0
0.002 0.056 0.169 0.263 0.496 0.013 0.001 0.0
0.001 0.064 0.211 0.320 0.402 0.002 O 0.0
Wind Speed Cloud Cover
<13 13-24 25% --Shift Sunny
Day
0.6000 0.3638 0.0338 Afternoon 0.2962
0.6088 0.3688 0.0225 0.1475
0.7200 0.2638 0.0188
Precipitation .__Fog
None or (visibility <1/16 Mile)
Trace 01 .02-.09 .1+
Average 0.02
0.902 0.031 0.059 0.008
0.883 0.047 0.061 0.009
0.864 0.058 0.068 0.010
Relative Correction of Effective
Humidity Temperature for Painters Only
90 90-100 <5 5-19 20-29 30-39
0.8050  D.T950 0.005 0.022 - 0.025  0.009
0.7600  0.2400 0,002 0.027 0.027  0.011
0.4925  0.5075 0.001 0.018 0.040  0.020

B-34



APPENDIX C

WEATHER EFFECTS ON OUTDOOR WORK EFFICIENCY

A review of the literature was undertaken to establish, to the extent
possible, quantitative efficiency coefficients for outdoor workers engaged
in “shipyard-like” activities, as influenced by climatic conditions.
Unfortunately, the published literature in this area provides little useful
information in a form that can be directly applied. Where data are avail-
able, generally they are in the form of physiological factors which are not
directly related to either weather factors or laborer efficiency.

From the limited literature which is applicable (see Bibliography at
end of the Appendix), the following summary of weather effects can be
established.

The important climatic conditions affecting outdoor workers are:
e Temperature: high, low, diurnal and annual range
e Precipitation: rain, snow, sleet and ice
e Humidity: also presences of salt
e Wind: also presence of sand or dust

e Miscellaneous: sunlight, fog.

Temperature

Figure 1 summarizes data from eight sources. Variations reflect measure-
ments of work activities requiring different skills. Furthermore, some
efficiency loss data were campiled from studies where only the tempo of the
actual work was measured. Time to warm the hands or feet in winter, or time
to cool off in summer, was not included. These higher estimates of efficiency
are, therefore, probably conservative, since total loss in work time was not
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FIGURE C-1. OQutdoor Worker Efficiency
LEGEND
1. Doyle, “Controlling Climate Effects”, Tool Engr., 1955 (efficiency curve
prepared under condition of little or no wind).
2. General Dynamics, Quincy (DX Study).
3. ASHVE Guide and Data Book (men at work 90,000 ft-lb of work per hour).
4. Constructor, May 1972 (welders, pipefitters, carpenters, electricians).
5. Unidentified shipyard estimate (converted from equivalent temperature
to effective temperature).
6. Bechtel construction project in Canada (winter) - (Converted from wind
chill temperature and corrected to 100% efficiency at 60”F).

7. ASHVE Guide and Data Book (Armstrong’s data for line-maintenance job).
8. Constructor, May 1972 (laborers, ironworkers, operating engineers].
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really considered. Another factor that would decrease efficiency even
further {s bad “ground" conditions resulting from ice, water or mud. WHhen
such conditions prevail, the estimates are quite conservative.

Wind

Human efficiency is significantly affected by cooling, which is a
function of both temperature and of wind speed. Studies by the U.S. Army
Quartermaster Corps resulted in the computation of a "wind chill factor"
by which the effect of temperature and wind can be objectively evaluated
(see Figures C-2 and C-3). Most outdoor operations cease when the chill
factor reaches 1200, "bitter cold". -

Wind also hinders the movement and positioning of large pieces and
increases paint losses. Wind "noise" reduces effective communication
tetween workers. Wind-blown dust and salt sprays increase maintenance
problems with equipment.

Another method used to measure the effective of temperature and wind is
effective temperature (ET). The ET is determined from dry- and wet-bulb
temperafﬁres and air motion by reference to standard ET charts. Hhen a wind
is blowing, the ET can be estimated by lowering the measured temperature one
degree for each one mile per hour of wind, using a practice adopted by
enviromental engineers.

The curves in Figure 1 are plotted against ET although the difference
between ET and wind chill temperature (equivalent temperature) is seldom
great, The ET index is most applicable to warm atmospheres when radiation
effects are not significant. An ET of 78 represents the threshold -of sweat-
ing, while an ET of 90 is the upper 1imit for continuous exposure of heat-
acclimatized men engaged in 1ight activities. The upper permissible 1imit
for moderately hard work is an ET of 85, and for heavy work, 80 ET. In hot
spaces of Naval ships (underway), 91 ET is well tolerated during the usual
4-hr watches.

At moderate temperatures, depending upon the work being done, labor
efficiency gradually declines with ificreasing wind speeds over 15 mph and
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Figure C-2 - The U.S. Army Wind Chill Index
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rapidly approaches zero between 40 and 60 mph. Winds of 40 mph are 1ikely
to stop work on exposed staging.(])

Precipitation

Rain decreases efficiency. Under rainy conditions at 50°F and without
wind, workers well clothed in rain trousers, jackets, hats and boots lose
only about 10% in efficiency. When exposed to rain and strong winds, men
cannot remain dry for much more than one hour regardless of how well they
are clothed. ' '

At low temperatures, labor efficiency and safety are still further
impaired by precipitation. Sleet or ice are considered more 1imiting to
outside work than rain or snow. Workers will generally not continue work-
ing during a sleet storm. Precipitation has been found more serious than
freezing temperatures in reducing efficiency of an outside railroad car
building line in a mild climate. 1In 23 days of rain, 97 cars or about
35% were lost out of a scheduled 278. During 5 days of ice, snow, sleet
and rain, 28 cars or 507 were lost out of a scheduled 56. Only 4 cars out
of 14 were reported lost because of cold weather alone.

Besides discomfort, precipitation decreases efficiency by decreasing
visibility; making parts, tools, and equipment slippery and hard to handle;
and making working conditions more hazardous.

Humidity

Several comfort indexes have been devised to express the effect of
temperature and humidity. There is general agreement that the comfort zene
for normally efficient work extends to about 80°F with 50% relative humidity
and to the mid-70's with 75% relative humidity. Discussions with construc-
tion personnel indicate that operations are not significantly affected until
the temperature rises above 80°F. It is estimated that a reasonable thresh-
old of temperature-humidity would be 85°F and 50%. This corresponds to a
U.S. Weather Bureau Temperature-Humidity Index value of 77, and Table 1
gives several combinations of temperature and relative humidity that are
equ'ivalent:.(2
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TABLE 1. U S. Wather Bureau Tenperature-Humdity Index

Tenper at ur e Relative Humdity | ndex
86 79 77
85 50 77
90 24 77
95 8 77

Reduced effici eSwy appears to occur at the following limts of tenpera-
ture and humdity:

Maxi mum o
Tenperature Humi di ty
85-89° and >50%
90-94° and >30%
95-99° and >20%
100° and Any

Ni ght Lighting

Shipyard estimates for inproper lighting (outdoor areas) range from
10 to 25% productivity loss. Survey results by others show increases in
work output of 3 to 20% are possible for heavy work activities simlar to
shi pbui | di ng. These increases were brought about by illumnation changes.
Atypical exanple: original-4.6 fc, new12.7 fc.

EOg

The, effect of fog is to reduce visibility. In shipbuilding this affects
primarily riggers and crane operators who nust be able to see the boom the
load being lifted and hand signals. Reduction of visibility to less than the
boom length or the distance to a signaler stops crane work.

The 100% humi dity acconpanying fog al so affects painting operations. It
usual l'y prevents painting outdoors.
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Sunlight

The effect of sunlight, e.g. hot summer sun, is to reduce worker
efficiency not only by raising the effective tenperature but by heating
steel plates to unconfortably high tenperatures. Personnel working on
sun-heated surfaces are often forced to retire to a shaded area, provide
shade or find work in a cooler [ocation.
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APPENDI X D

TYPI CAL HEATHER PROTECTION STRUCTURES IN U.S. SH PYARDS

In the course of the study, nine US. Shipyards were visited. Photo-
graphs of some of the weather protective devices and structures were obtained
and are shown on the followi ng pages.

In addition to those devices pictured, nunerous shelters of a tenporary
nature--plywood, tarpaulin or plastic on wood or scaffold framework--are
used for rain and wind protection. Several shipyards use portable weather
protective devices to keep wel ding electrodes dry. Each wel der has a heated
container which holds 10 pounds of electrodes and can be carried from place
to place and plugged in to an outlet nearby. Used containership containers
have al so been utilized for storage, shops and office space in a US.
shi pyard.

An all-weather painting facility at the General Dynamics yard in
Quincy, Massachusetts, has been in operation since 1968. It is able to
handl e subassenmblies up to 50 ft square and 30 ft high. The facility
includes climate control for painting and drying, telescoping doors for
access, and a heating-ventilating systemrated at 75,000 cfm

The Ingalls Shipyard at Pascagoula, Mssissippi, has installed a
weat her-protected shothlasting facility. It is able to handle 56 ft by
56 ft sections up to-100 tons.

Qther exanples of weather protection are shown in the follow ng
phot ogr aphs.
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Figure D-1 - A portable steel shelter used to provide rain protection and shade for shipyard

work either on the ground or on the deck of a ship or barge. Courtesy of FMC, Marine and
Rail Equipment Division, Portland, Oregon.
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Figure D-2 - A portable steel shelter used to provide rain protection and shade for shipyard

work either on the ground or on the deck of a ship or barge. Courtesy of Avondale
Shipyards, Inc., New Orleans, Louisiana.
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protection fraom the rain and hot sun both of which tend to shorten machine 1ife. Fastening the

machines to the frames gives an added bonus of rapid portability. Courtesy of Todd Shipyards
Corporation, Houston, Texas.
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Figure D-4 - Heavy corrugated sheet metal roofs (“wonderbu11d1ng" arches) used
for rain and shade protection for various operat1ons. Units can be nested for
strrage as shown in lower photo.
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Figure D-5 - A lean-to addition used for rain and sun protection in heavy manufacturing (rail car).
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Figure D-6 - An all-weather protective shed for storage of paint and paint pumps. Electrically
heated, it is a complete, portable paint station which prevents freezing of stored paint and

the paint pumps and pots themselves. Courtesy of FMC, Marine and Rail Equipment Division,
Portland, QOregon.
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Figure D-7 - Temporary weather protective shelter. These portable structures measure 40 ft x 50 ft in
plan with roof heights varying from 12-30 ft. The roof grid is assembled fram cold rolled beams

and supported on pipe columns. The voof cover is large corrugation metal sheeting. Removable
rubberized canvas sidewalls provide additional protection. The shelter encloses sufficient

volume to protect a variety of welding, blasting, painting and storage activities. Courtesy

of Bath Iron Works Corporation, Bath, Maine.
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APPENDI X E

MODULAR WEATHER PROTECTI ON PANELS

HOARDI NG_PANELS

Typical Design Criteria
1. Diffusion of Light

Hoar di ng panel s should be such that no auxiliary light is required
during the normal daylight

2. Resistance to Wnd

Closure system should be such that it could stand the high w nds
during the winter months (up to70 nph).

3. Strength of Panels

Encl osures should be such that they could support the load of the
different panel sections when installed one on top of the other.

WWen used as the roof, they should also be able to support the snow
load.

4. Loss of Heat
The closure should be such that the heat loss is at a mninum

5 Versatility

Cosures should be such that they could be adapted to numerous
configurations, re: stand alone structures, structural steel require-
ments, etc

Desi gn Specifications

To meet the above criteria, one contractor assenbled hoarding panels
inan 8-0" x 16'-0" size, which were constructed of 2 x 4 spruce frame
with 2 x 4 studs at 2'-8" on center. Reinforced woven polyethylene was
applied on the frame and was held in place by 1 x 2 lunber strips all over
the frame and studs. Design of the hoarding panel is shown in Figure E-1.
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For the fabrication of the hoarding panels, a jig was made which
permtted panels to be made in different sizes: 8 x 16', 6'x 16',
4 X 16', 20 X 16'.

To mnimze heat loss, two layers of polyethlene can be used, if
necessary, with air gap up to a maxinum of one inch between the two |ayers.
Erection

Hoardi ng panel s are secured together by a tie and wedge system
Panels are then nailed to small wooden frames built around the steel build-
ing frame as shown in Figure E-2.

For the construction of structures inside a main building, hoarding
panel s are attached to one another to forma closure.

Cost of Hoarding Panels

A cost studies indicated that it is more economical to fabricate
panels on the job site rather than purchase or rent them from others.
Total cost of the hoarding panels is about $0.40/sq ft with a cost break-
down as fol | ows:

Mat eri al $0.09 Sq ft

Manuf acture Labor 0.44 "

Erection Labor 0.19 "

Di smantle Labor _0.08 "
Tot al $0.40 Sq ft

Average cost of one panel, 8x 16 ft= $48. 00.

Figure E-3 illustrates portable welder’s shelter used in civil
construction works.
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ALL WELDED CONSTRUCT:ON
COVER W/TARP OR POLYETHYLENE

NOTE: THIS DIMENSION TO BE
6'-0" (MIN) AT 6'-0' HEIGHT

Figure E-3 - Portable Welder's Shelter
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APPENDI X F
DESCRI PTION OF Al R- SUPPORTED SHELTER

A large, most unique shelter used on a civil works project in Canada was
an “air shelter” or, as it is comonly called, a “bubble”. It is an air supported
structure, a strong. flexible, balloon-like envelope, supported and stabilized
by maintaining a small pressure differential within the envel ope. The air
supported shelter is a dynanic structure, as contrasted with a static pile of
bricks, nortar of tinbers, and is the ultimte in structural efficiency. There
is no redundancy of structural material in the pretensioned shell and the apparent
sinplicity of the shelter belies the actual conplexity of the design of all
its components. The shell nust tolerate and resist all the normal |oadings
experienced by any other type of structure. It does so with a shell measuring
only a few hundredths of an inch thick.

Physical characteristics of the shell material, seam design, |oading around
the doorways, and the pressurization system nust be carefully chosen and controlled
to ensure satisfactory,life and useful ness

The structure was 100" wide, 200" long, and 50' high, with ends that were
almost ‘square”. It covered an area of alnost 20,000 sq.ft., the surface area
of the shell Was 35,000 sq.ft. The fabric was guaranteed for eight years

The bubble used a' vinyl-coated nylon with a 2x 2 basket weave, having a tensile
strength of 400 x 400 Ib/in. The material was described as off-white which
adm tted sufficient light during the daytine for all types of work. Inside,
the shell appeared to be an unusual orange-yellow color.

The joints were heat sealed to develop the full-strength of the fabric.

The envel ope was supplied in three sections which were joined by a single interlocking
peg system which was readily assembled or disassenbled without special tools.

The sectionalizing permtted the individual packages to be kept to a reasonable

size to handle and, also gave flexibility to the ultimte size of the shelter by

adding or subtracting additional center sections when required.
F-1



Sandbags were installed in the ballast skirt, approximately six cubic
feet of sand per foot of periphery, to hold the shell down and solid anchors
were provided for the attachment of cables to isolate and redistribute the |oad
around the doorways.

Two Buffal o-Forge, Mbdel 600A, 3 HP. centrifugal blowers, each having a
free delivery of 14,000 cfm provided sufficient pressure for normal operation
and the other was used for unusual conditions as well as beings standby unit.
The inflation pressure was just less than one. inch of water, which resulted in
a pressure of approximately 5 Ib/sq.ft

Automatic pressure controls operated the second blower when the interna
pressure dropped because of excessive |eakage through open doors or damage to
the shelter or because of failure of the primary bl ower.

A plywood airlock, twenty feet wide, twenty feet high and thirty feet
long with full opening access doors was used to permit the passage of al
materials, trucks, and cranes. Small doors were installed in the airlock for
personnel ingress or egress to avoid using the main doors and two additiona
emergency exits were also provided in the sides of the shelter.

The inlet air to the blowers was heated by six Herman-Nelson oil-fired
heaters which were enclosed in a tenporary shelter. The maxi num out put of the
heaters was |-1/2 million BTUhr. The thin shell does not provide very good
insulation qualities and the overall heat transfer coefficient is approximtely
1.2BTU hr/°F/sq.ft. which is simlar to single glazing

The introduction of the heat through the blowers gives good distribution
and as the mass of the structure is low, the internal tenperature can be
increased rapidly.

The delivered cost of the shelter was just over $50,000 $2.50/sq.ft.

The weight of the suplinment was 8706 pounds and occupied a volune of 720

cu. ft.
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The

shelter was first erected in early February over the excavation for

the foundation of the Final Extraction Plant. The tenperature ranged from

20° above zero to 22° bel ow zero. The erection was conpleted wthin two working

days by a crew of sixteen men. No reall problens arose despite the conplication

of raising the shelter over the large excavation. The structure was conpletely

dismantled,at the end of its useful period, in four hours

The

shel ter possesses several advantages over the more conventional types

of hoarding, such as

1)

The interior is conpletely free of posts, trusses, cables, or other
supporting menvers, this allows for more flexibility of operation and
construction

The blowers provide a natural circulating media for heat, which is
provided by any type of heater located outside the working area

This saves space and also reduces the fire hazards.

The skin is translucent and little additional illumnation is required
during daylight hours. This factor can be a major itemfor nore
conventional types of shelter

The structure can be reused, as requird, with no [oss of material

as many times as necessary. while the original cost is higher than
other types of hoarding, even only a second reuse would be econom cal
di sadvant ages of the structure nust also be considered

Limted working area and height inside the shelter. This is not too
serious for small, low buildings, but the work nust proceed slower
than outside. The handling of material and equipment through the
airlock has to be planned and coordinated

The loss of air pressure, for any reason, could be disastrous. Al
sharp projections on rebar, forns, etc., were covered with a plywood
cap to avoid damage to the skin, should the shelter collapse. In good

weather, little damage should result, however in a storm (which also
F-3
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increases the possibility of power failure) the structure could be completely i

destroyed.
!
-
Figure F-1 - View of the 100’ x 200' 50' high air shelter. A large vehicle 2

access air iock is at the Teft end of the structure.
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Figure F-3 - An earlier view in the air shelter. HNote the trestle supporting
oh the base of the "bubble" over the excavation. The workers in the upper
left are standing in front of a small man-made access way.
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APPENDI X G
| NFORMATI ON_SQURCES

Information on the effects of weather on outdoor worker productivity
and nethods to provide weather protection was sought through letter contacts

with the follow ng:

Trade Associations

Associ ated Builders and Contractors
Associ ated General Contractors of Anmerica
Bui | di ng Research Advisory Board

Bui | ding Research Institute

Anerican Concrete Institute

o o B w o

Arerican Society of Concrete Constructors

Construction Firns

1. American Dredging Company
2. The Austin Conpany

Bow Valley Industries, Ltd.
Bovis Corp., Ltd.

Dravo Corp.

Dravo of Canada, Ltd.

Fluor Corporation

Ceneral Construction Conpany

J. A Jones Construction Conpany

10.  Kaiser Industries Corp.

1. M W Kellogg (Div. of Pullman, Inc.)
12. Mchigan Wsconsin Pipe Line Conpany
13, Mrrison-Knudsen Conpany, Inc.

14. @y F. Atkinson Conpany

15.  BlawKnox Conpany

16. C F. Braun and Company

17.  Chemcal Construction Corp.-

18.  Hoffman Construction Conpany
G1
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19. Witehead Kal es Conpany

20. Genstar, Ltd.

21. Bechtel Corp.

22. ITT Levitt and Sons, Inc.

23. Pullman, Inc.

24. Ccean Drilling and Exploration Company
25. Ccean Service and Engineering, Inc..
26. The Ralph M Parsons Conpany

27. Pacific Car and Foundry Co.

Resear ch__Organi zations

. Col d Regions Research and Engineering Laboratory
Environmental Protection Systems Division
For dham University

. National Bureau of Econom ¢ Research

1

2

3

4

5. Naval Artic Research Laboratory
6. Rand Corporation

7. Stevens Institute of Technol ogy
8. US. Department of Conmerce

9. University of Illinois

10. University of Mchigan

11. Departnent of the Arny, Construction Engineering Research Laboratory
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Pr ef ace

This is the Final Report on the Study for Determ ning the
State-of-the-Art of the Use of Wather Protection in the
Japanese Shipbuil ding and Heavy Equi pment Industries, based

on the Special Agreenent B-654, signed on 31st, Cctober 1972
between the Battelle Pacific Northwest Laboratories and

M tsubi shi Research Institute.

The study has been carried out according to the principles and
definitions stated in the Research Proposal dated 15th Novenber
1972, made by The MRl on the subject above stated. The Draft
Report of MRI, dated 27th March 1973, was reviewed by BNW and
succeedi ng conments were nmeet and incorporated into the Fina
Report

Japanese experience on the weather protection for outdoor works
are unique and has a history of nearly two decades in nany
shipyards. \Wather Protection facilities in these shipyards
are one of the cause of productivity inprovenent in Japanese
shipbuilding industries, competiting in the world market wth
foreign shipbuilders.

It would be the first time to describe the state-of-the-art of
the usc of and the cost-effectiveness of the weather protection
devices in Japan in a conprehensive way for foreign people.
who have the interest on it.

We hope this Report will be good for the use for the sponsors
in US

May 1973

S. I keda, General Manager

T. Myakawa, Senior Transportation
Economi st

Research and Devel opment Depart nent
M tsubishi Research Institute,
Tokyo, Japan.
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1. The method of study and other explanations

First we have surveyed the usage of weather protec-
tion facilities among 25 major Japanese shipyards to get
overal | picture. Then, we have selected four shipyards
| ocated at places with a wide weather variation and repre-
sent different type of workshop |ayouts, i.e. one fromnorthern
region, one from central reagion and two from western region
of Japan. W have asked for these four shipyards necessary
data for weather protection devices used and carried out
enquete survey to engineers at workshops to get data for
productivity gains. Phot ographs were taken on the protec-
tion facilities studied during these enquete surveys on the
spot.

As for the heavy construction industry we have sel ected
one large steel construction site located contral region
of Japan. W add brief survey of crane and wharf protection
during extrenme climatic conditions, the data for which were
obtai ned simaltaneously during the survey on the spot.

This study was carried out by us with close cooperations
of engineers in the Shipbuilding Division of Mtsubish
Heavy Industries Ltd.
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2 Selection of Shipards and a Large-scale Construction
site to be Investigated

Pattelle Northwest are requesting to obtain the
informations on shipyards, having a range of typica
climtic conditions. W set two criteria for the selection
of shipyards. The first is the criteria by the climtic
conditions and the second is the one concerning the
layout of the shipyards.

2.1. The Criteria by the climtic conditions

The climtic conditions concerning out-door heavy construction
works in Japan can be devided into following three types ( for
detailed explanation on each climte see coments p.9 seq.)

1) Eastern Japan-Pacific Coast
2) Western Japan-Pacific Coast
3) Northern Japan

Vhereas the difference in climte between Eastern Pacific
Cost and Western Pacific Coast are not so clear except
the duration of rainy months during sumer, this difference on
rainy weather would be significant in considering the out-door
working conditions. The climate in Northern Japan differs clearly
fromthe other parts of the country. Despite the relatively |ow
latitude ( for exanple Sapporo, the capital of Hokkaido is at 35°N),
the climte there has the same characteristics |ike Northern Europe,
in higher latitude. Thus we need, at least, three types of shipyard
that are locating in each of one climatic conditions mentioned aboved.

H-8



2.2. The criteria concerning the layout of shipyard.

In Japan there are 45 major shipyards that have at
| east one shipbuilding berth over 5,000 gross tonnage. Among
these, 23 shipyards have been building the ngjor part of
new ships. These 23 large shipyards that have at |east
one building berth over 30,000 gross tonnage, can be divided
into 3 groups in ternms of the date of their establishment.

First group of shipyards arc old ones that were established
before or during the Wrld Var Il and some of them even dated from
one hundred years ago. The layout and the construction
flow of these old shipyards have been modernized and renewed
as possible within the linited land use after the Wr,
especially during the Suez Crisis shipbuilding boom (1956-58),
and the second boom after 1963

The second group of shipyards are conpletely new giant
shipyards that are established upon the reclained land, and its
| ayout were designed to achieve the nost effective construction,
These shipyards were erected mainly after 1965. Wole of them
have building docks that can build super tankers over
100,000 gross tonnage

The third group is the most newy established and the
largest shipyards. They have large building decks in which
tankers up to one mllion dw can be built. They began
their operation around 1970

The types of weather protection devices used anong
these shipyards depend on the differences of the duration
of operations since shipyard s establishment and subsequent
noderni zation and their final |ayouts

2.3 The differences of the use of weather protection devices
anong the type of shipyards.

In Japanese shipbuilding industry, the means to prevent the
fluctuation of productivity in the outdoor welding and assembling
works due to the variation of weather, have been inproved
significantly during these decade

H9



In the most ol d conventional type of shipyards, the outdoor
works in hull construction yard were changed and arranged to fit
into the large welding and black assembling factory during the later
half of 1950's. In the case of Nagasaki shipyard ( M tsubish
Heavy Industries), these inprovements were carried out through
fol | owing process
1) change of the flew of sheets
2) modernization of sheet bending and cutting process
3) enl argenment of wel ding spaces
4)

5)

increase of crane capacities

construction of huge roof overwelding and snal
bl ock assenbling yard

(6) integration of welding work and small-block
assenbling work

(
(
(
(
(

At the end of covered assenbling factory, hull blocks, usually
SO to 80 metric tons in average, were lifted up and down directly
onto the adjacent building berths by the giant gantry cranes.
Thus the nmost parts of hull construction stages were covered by
the roofs cxcept final assembling processes that were carried out
on the building berths. These inprovement, which included the
change of factory layout partly, was conpleted by the end of
1957, when the ratio of outdoor works was reduced to only 14
percent to the whole hull construction works. The layout of building
berths were changed again substantially during 1965-68 to enlarge
building capacity at Nagasaki. These inprovement consisted of the
integration and increase of width of old berths, replacenent of
old gantry cranes to giant goliath cranes and construction of new
building docks. The crane capacities were increased from50 tens
to 120 tons and thus the maximum size of blocks to be supplied from
the assenmbling factory reached up to 120 tons. However major flow
of hull blocks remained, in principle, the sane as before.

These "indoorization" of outdoor welding and assenbling
works were carried out, in general, through simlar processes in
other major shipyards on the Pacific Coast during 1955-1965.

H10



The plannings and constructions of the new shipyards in the
second group began around 1960 among the |argest shipbuilding

conpanies. In this case, some of the Swedish exanples of advanced
shi pbui | ding technology and novel ideas incorporated into the

layout of ships within shipyards, e.g. those at the Arendal Shipyard
of Cotaverken A/B, had a considerable influence upon the planning of
new |arger shipyards in Japan. In these new generation of shipyards,
the nost part of outdoor works were "indoorized" from the beginning,
having large welding and bl ock-assenmbling shops. For exanple, in
Yokohama Shipyard of |shikawajim-Harima Heavy Industries Co., Ltd.,
there arc five indoor welding and block-assenbling shops, each 853
feet long and 115 ft. wide. Hull block over 100 tons can be
assenbled in these shops. The outdoor works remains only at the
final assembling stage on the uncovered building dock.

This New Yokohama shipyard of IH began its operation 1968.

In the third group of new shipyard, even the large building
dock is covered partly by the roof. For exanple, in Koyagi Shipyard
of Mtsubishi Heavy Industries, the maxinum size of a hull block
whi ch can be assenbl ed within assenble shops arc 600 tons. Over the
bui | di ngdock, that is 3182 ft. long and 328 ft. wide, there are
two sets of travelling roofs each 164 ft-long and 328 ft. wide.
Thus, the works in the final stage of ship-construction are partly
"indoorized". This newest shipyard has just begun its operation in
this year.

2.4. The Selection of shipyard

V¢ select three large shipyards each located in different climtic
conditions from layout type 1, that is g, pyard W from
Eastern Japan, Shipyard X from Western Japan and
Shipyard V at Northern Japan. For the method used in the indoor
wel ding assenmbling works in the type 2 shipyards are the sane to those
are used in the type 2, we do select no shipyard fromthe layout type
2, However we add Shipyard Y from layout type 3. (cf. Table 1),

Al'though we will survey the use of weather protection facilities
in these four shipyards in deptth, we supplement the result with
further informations on other shipyards, if we find significant

exceptional exanples to the fact surveyed.
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Table 2-1 Classification

of Shipyards. (1) (2)

Type of Type 1. Newly Built large Shipyard
LLayout —
Climatic 01d but modernised Type 1I. Type II1.
Condition
IHI-Tokyo, Mitsui-Chiba NKK-T'su
Eastern IHI—I\':mc’)ya, : ItII-Yokohama
Japan MHI -Yokohama
KK-Tsurumi
umitomo
IHI-Kgrg Kz'swasal_ci-Sak:.aide MHI/Koyagi
IHI-Aioi Hitachi-Sakai
MHI-Nagasaki
]I -kobe
Western M h -I}g.?'c;shima
Japan K;_awasz.xkrﬁobe
P Mitsui-Tamano
Hitachi-Innoshima
Osaka
Sasebo
Hakodote
Northern Hitachi-Maizuru
Japan
Note (1) Major 23 shipyards are listed first by the name

of company and then of shipyard, i.e. IHI-Tokyo
means Ishikawajima-Harima Heavy Industries,

Tokyo Shipyards.

(2) Abbreviation of the names of companies,
MII: Mitsubishi-lleavy-Industries
NKK: Nippon Kokan Company
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Table 2- 2. Shipyard to be studied in Depth.
region name shipbuilding capacity

northern shipyard V 43,700 G.T.
central shipyard W 106.000 G.T.
Western shipyard X 170.000 G.T.

shipyard Y 250.000 G.T.
Large-scale
construction jworkshop Z
shop

A rough distribution of shipyards under study
shown in the figure 1.
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3.1. Two Patterns in dinmate

Japan consists of islands, facing eastwards to the Pacific
Ccean and westwards to the Sea of Japan. Japan also has a
| atitudial span of 21, from 24°N to 454. |lence, there are-two
different climatic conditions in Japan. The first, which we
call "climatic pattern of enote N ppon", forward side of Japan,
i.e. Pacific Coast, except northern Tohoku, North eastern
regi on of Honshu, and Hokkaido, has a simlar chracter of weather
It is hot and noist in sumer and relatively warmand dry in
winter. In June and first half of July we have usually the rainy
season due to the monsoon from the Asian Continent. But in
winter, we have relatively stable weather. It is fine and
rarely rains or snow.

The second pattern that we call "climtic pattern of
Ura Nippon", back side of Japan, i.e. regions along Sea of Japan
and |l okkaido. The weather in summer is not so different from
"Omte Nippon", but in winter there are many snowy days. It is
cold and dark from Novenber to March. From Decenber through
February the tenperature is below freezing point in Hokkai do.
In this region, "the rainy season in June and July" is not so
distinct. W explain these differences in details constracting
with the nunber of the days of rain and snow and tenperature
and precipitation at four cities.

3.2. Tenperature

In tenperature significant difference can be observed between
Hakodat e (Hokkai do) and other three cities in Honshu. In Hakodate
average tenperature through year is under 10°C and during winter,
monthly average are bel ow freezing point.

mont h Hakodat e Yokohama Kobe Nagasaki
1 -3.9 4.4 4.5 6.2
2 . -3.5 4.8 4.8 7.1
12 -1.1 7.0 7.4 8.9
average -2.1 6.0 6.2 8.1
7 18.3 24.6 25.8 26.4
8 21.5 26.1 27.3 27.6
9 17.2 22.6 23.6 24.3
average 17.5 24.4 25.6 26.1

(Qosevation data: 1941-70)
H 15
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3.3 Precipitation and Wind

Mthly change in precipitations at four cities are shown
in Fig 2. The peak duc to the monsoon is in June except in lakodate.
The sccond peak in September are usually duc to the typhoons. The

est precipitation is observed at Nagasaki.

Table 31  Precipitations

(cf. Table 1)

average nrecipitation

precipitatior per

per month per year
millimeters  (inches) | millimeters (inches)
lakodate 95.3 (3.75) 1143 (45.0)
okohama 126.0 (5.35) 1632 (64.3)
Kobe 113.9 (4.48) 1367 {53.8)
agasaki 164.7 (6.48) 1976 (77.8)
L
Table 3.; Days of Rainand Snov
Month J F M A M J J A 8 0 N D~
Place
Hakodatce 11 1 9 3 4 4 4 3 4 6 6 i1
e m :
3O
Yokohama 3 4 4 5 [ [ X K3 ! I Z i
@ @
Fobe S 4 4 F 3 6 § 7 v T3 3
@ @
Nagasaki 5 5 S 4 S 7 S 2 4 3 2 S
& QO o ...

..«
Bt AR G tei e et

( Observation Data: 1945-52)

H-17
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Table 3-3

d

The amount of snowfall ( Depth of snowfall of each
month is desighated by number

of days in each category )

month Catecgories of 111211121314 total
region depth of s%%%ch)
under 3,94 01012111010 4
Western over 3,94 01010101010 0
over 7,87 6j0(0{0}|01!D 0
over 19.69 610j0101}0 {0 1]
under 3,94 01011}|31}]1 0 5
over 3,94 olojo0i110 40 1
Central over 7,87 olofof1lo o 1
over 19.69 0]0j0j0 (0 |0 0
under 3,94 6114 17 }5 {10 {2 45
over 3,94 11924 22 111 {0 67
NoFthern over 7.87 0]4fafie|7 o] 41
over 19.69 0100011 |0 1

( Values above are averages between 1941 and 1960 )

Table 3-4

Temperature ( in centigrade ) ( during the work hours )

month - i i ! . i !
region 1 {2 |3 ! 4 5 ! 6 i 7 08 19 110 11 12
Western | 6.2 7.ﬂ10.2%4.718.521.926.427.624.318.613.8 8.9
i i } . .
Central | 4.4 4.% 7.512.717.120.524.626.122.616.511.5 7.0
! i i i i i : !
Noythern -3.9-3.% 0 6.#11.d14.a1o.321.517.211.3 4.6-1.1
! ! ! . i i i ! :

( Above values are averages between 1941 and 1970. )

H-19
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Table 3-5 “J
Wind Velocity ( during the work hours ) : f
L_month | 1 2 13141516 {7 {8 ]9 [10}11]12 y
T22:4 : SR
West-la33 618 17 19 7.16 7 17 13 14 31 315 'y 3
ern over |1 |1 |2 |2 |1 |2 |2 111 1101 1 ) i
33.6 ;:
Cent-| 22 |15 |15 {16 |16 [14f9 |8 |7 |8 |12]11]12 Y
ral Lver | 3| 4| 4| 4| 2|1 |1 |1 |2z | 2] 2| 3 T
33.6 . J
2.8 - .
North| 5576 15 |14 |16 |16 |14 |7 {4 |3 |7 |10|11}15 g
ern Byer | 3| 3| 2 2] 206 |1 jo f1 4 1) 1] 2
33.6 ! !
) o)
( Above values arc averages between 1949 and 1960 )
Table 3-6

The number of days of high discomfort index (during
the work hours )

-

month June July August September
Discomfort]

index 75480 {85 | 75|80 85|75] 80|85]75]80]8S
"Eg_ion\

vestern | 9-000 | o [30.014.4{0.4 |30.818.2 |1.2 Jo.a 4.8 | O
C ntral g8.4l1.2] 0 [24.418.4] 0 |27.217.2 | 0 13.844.4 | 0.2

Northern | 1o | o |1.6{0 o [6.0] 0 |0 Jo.a] 0] 0

~

( Above values are averages between 1956 and 1960 )

note:
discomfort index=o.72x(temperatures + wet-bulb temperatures)
+ 40.6

We fcel rather discomfort when the index
shows over 70 and very discomfert when it

. shows over 80. H-20 *
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Table 3-7

zero at the shipyard V.,

The time of measurement: 9.00A.M., 12.00A.M., 3.C0P.M,
Measurment was made at above three time points and the

average was taken of the three values.

The number of days with outdoor temperatures below

The number of days with

L TP VRS SV P T S e Loy S et N

temperatures_below_zero total
month 28.4F| 24.8F |21.2F |17.6F |14k
Nov. 1969 3 0 1 0 0 4
_Dec. 1969 9 5 3 0 0 17
Jan. 1970 8 31 2 2 1 16
Feb. 1970 10 6 3 1 0 20
Mar. 1970 4 7 1 1 i 11
Nov. 1970 2 0 0 1 0 3
Dec. 1970 5 2 1 0 0 8
Jan. 1971 5 s | 3 1| o 14
Feb. 1971 7 2 3 0 2 14
Mar. 1971 5 0 0 0 0 S
Nov. 1971 1 0 0 0 0 1
Dec. 1971 3 2 0 0 0 5
Jan. 1972 10 4 | 2 0 0 16
Feb. 1972 7 - 2 1 1 0 11
Mar, 1972 4 1 0 0 0 5 !
|
H-21
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Table 3- 8 .
« The record of wind velocity in recent times at the
shipyard V
the number {the number|the number
bf days of [of days of days remarks
operation |crane warning
month operations{index
were issued
stopped against’ crane
operation
Jan. 1971 22 1.0 3.0
Feb. 1971 23 2.5 1.0
Mar. 1971 27 1.0 3.0
Apr. 1971 23 0.5 5.0 Warning is issued
May 1971 21 1.5 3.0 against crane
Jun, 1971 26 0 0 operation when wind
July 1871 26 0 0.5 velocity reaches
Aug. 1971 25 0 2.5 33.6 to 40.3
Sep. 1971 22 2.5 4.0 miles per hour.
Oct. 1971 26 0.5 4.5 c
rane operation is
Nov. 1971 25 2.5 4.5 stopped vwhen winé
Dec. 1971 25 1.5 2.5 velocity is more
than 40.3 miles per
hour.
Jan. 1972 23 1.5 4.0
Feb, 1972 25 1.5 3.5
Mar. 1972 25 0 1.5
Apr. 1972 21 0 2.5
May 1972 22 0.5 2.5
Jun, -1972 25 0.5 4.0
Jul. 1972 25 1.5 2.0
Aug. 1972 26 0 2.0
Sep. 1972 24 2.0 2.0
Oct. 1972 24 1.5 4.5
Nov. 1972 24 6.0 2.0
DCC. 1972 - - -
| _
H-22 «
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Fig. 3' 3.
The monthlyrate of suspension of crane operation
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month

note: 1) The solid line designates the curve for 1971,
. while the dotted line designates the curve ’
for 1972,

h} note: 2) The average rate for 1971......5.7%
The average rate for 1972......4.6%

|

| note: 3) Monthly rate of suspension of crane operation

- is defined here as the ratio of number of .
days when cranc -operations were stopped to

} the number of days of operation ( cf. Table
3-§ in the previous page).,
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4. Actual Condition. of Protection Facilities in Japan

There are four type of weather protection facilities,
adopted for outdoorworks in shipyards and heavy construction
industries, i.e. (1) roofs, (2) other facilities in workshops,
(3) special devices for cranes and (4) those for wharfs.

4.1. Roofs

Covering with roofs is one nethod to provide protection
fromw nd, rain, snow and heat. There are four types of
roofing and their specifications are described roughly in
the Table 4-1.

.Tﬁble 4-1. Type of Roofing

Tyre Specification

Steul frame roof covered with galva-

Periatient sed 5ru. shzet
puilding, fully
clcsed Ste=l 1

amz2 roof covered with long
precoated firen sheet

‘ %St*el frame rcof cover ved with gal-

i vanized 1iron snzet cr long precoated
JPerpznent build- ! *rax shoot i
s wlth traveling . 7 = ‘
;raef e :
| Steel frame roof covercd witn szlate f
i

§

ot ane

FPerranens tuild-
int 1ith roni,
;not fully clo.ed

Ste«l frane

roof ccvered with galva-
nized iron sncev

——eerrmen v o f o om————

Lizht gare ctaeol frame roci covered

wlth calvinized iron shaet .

]oir' e traveling o

roof i
Lishtwelr:.t steel Sube roof coversil

wvith eslon cie

...-—......
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Table 4-2,
Covercd rate of assembling yard in major
shipyards in Japan mainly as of 1970.
4

.................

Region Shipyard 1 Covered rate(%) charﬁs o
IR/ total| type 1| type2
Rorth- 5 Y 56 42 14 .
ern A 51 51 0| type 1 1003,
! . . as of April 1°07:
) B 52 17 35 .
W ' 47 20 18 |[ftype 1, 375
1 e s 7s | g ||ope 2y
D 100 100 0 |las of April '7:z
E 59 42 | 17
F 34 0 34 .
56 25 31 {{type 1, 49¢
Central 1 96 96 0 {las of April *72
Japan J - 34 34 0
K 27 16 11
L 4g . 7 42 i
. M L 61 61 0 i
N 62 0 62 !
0 90 90 0 '
P 60 49 11 iy
Q 100 | 100 0
Western R 87 87 0
Japan -8 . 72 61 11
T 55 20 35
X 67 64 3 .
Y 100 | 100 0 | as of Ap:i1 '72 ;
note: !
) covered rate (%) of asscnbiing yard ‘
Squarce meter of indoorized ssserbling surface i
i 53;;3 squyg; nctcrué} asgg;g;gggmgg;}ﬁggﬁm_”- ¥105 ‘

H - . PO T g svee 1Y e o€
(2) Type . covercd by fixed rocf, type 2: ceovered b? traveiling veof,
H-25
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Among four production stages in new construction work
Steel Fabrication stages are wholly indoorized. The vita
parts of Block Assenmbly stage are covered by roofs in the
most shipyards. The covered rate of workshop is outlined
bel ow.

Bl ock Assembly Shop: Covered ratios by roofs range
from51 to 100% i n shipyards

Pre-Erection Shop, Dock and Builking Berth: Al nost
all shipyards have no protection facilities, except for
several new shipyards provided with roofs of a covered ratio
of about 10% This may also apply to constructional steel
wor ks. Painting and Coating Shop: Traveling and fixed roofs
are used in roofed shipyards and constructional steel works,
with covered ratios ranging from 60 to 100%

The data of the roofs actually installed at four
shi pyards surveyed in depth, are shown in the Table 1-5
in the Appendix 1 and their photograph as No. 1-12 in the

Appendi x 2.

The fiscal 1970 survey on covered ratios in block assenbly
shops O Japan’s principal shipyards (Table 4-2 on previous
page.) gives the follow ng covered ratios: (1) 27 - 87% for
shipyards built prior to 1960; (2) 51 - 99% for those built
from 1961 to 1970; and (3) 100% for those built from 1971
up to now. According to the survey made this time in 1972
covered ratios of block assenbly shops in shipyards in (2) have
increased to 70 - 100% This neans that introduction of flow
production systens |ike coveyor lines to pronote automation
and | abor saving in block assenbling has necessitated roofing.
Particularly, all of newy constructed, sophisticated shipyards
In the central and western parts are fully roofed regardl ess

of their siting and weather conditions
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4.2, Other Protection Tools
4.2.1. Needs for personal protection tools

Conditions for which needs for personal protection
arise in winter and summer are as follows:

Wnter: In the northern part, |eather w ndbreakers
and trousers are supplied to all outdoor welders for protection
fromcold while in the central and western parts outfits for
protection from cold are lent to several thousand outdoor
wor kers. Each workshop has heating devices installed as
required to allow workers to warm thenselves. However, no
measures for protection from cold are taken in workshop which
arc not covered conpletely.

Summer: Since the maximum tenperature in the year (nonthly
average) is 70.7°F, nost confortable to the human body, in
the northern part, no protection from heat is provided there.
In the central and western parts indirect methods such as
fans and coolers and direct nethods Iike cool suits are taken.

4,2.2. Specifications of protection tool for personal use
There are five main itens in protection tool, i.e

ventilating fan, cooler/heater, water cooler, clothing and
material to make shadow

H-27



Applications of such protection tools and equipnment are

listed bel ow.
Table 4-3 Protection Tools and Equi pment
[tem Location Speci fication
Ventilating | Bl ock assenbly shop Commercially available
fan Pre-erection shop mot or operated venti -
Bui |l ding berth and dock |lating fans
Painting and coating 5 - 30 KW
shop
Cool er and do. I nboard cooler wth
eat er the sane perfornance
as comercially
avail able type
33 KW
Gas and kerosine
stoves are used as
heaters
Coke stove are used as
heat er
Yater do. Commercially available
cooler types are used
Qutfit for Qutdoor bl ock assenbly Coat and vest for pro
protection shop, building berth tection against cold
against cold | and dock in welding
Leat her w ndbreaker
and trousers and
pocket war nmer
-cont' d-
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-cont'd-

Net for Bui I ding berth and dock | Made of nylon and sizedj
protection Pre-erection shop 269 to 1076 sq. ft.
against heat

Cool suit Pre-erection shop Conpressed air is fed
Building berth end dock | into bag in vest to
cool

4.2.3. Use of protection tools anong shipyards

W surveyed the state of the arts of the use of
protection tools for personal use among 25 nmajor shipyards
in Japan, using the data made by N hon Zosen Kogyokai ( Ship-
bui | ders Association of Japan). The data were revised by us
through direct interview or questionning to get up-to
date picture in Jan. 1972. Percentages in the follow ng Tables
denote the share of the nunber of shipyards in which particular
tools adopted to the total nunber of shipyard surveyed, other-
wi se nentioned.
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Table 4.4,

Table 4-5.

e

. A o B - A A

A - - -
e B e ————— - w me . -

e e

Diffusion of use of Protection devices for variation of
temperature in the major Shipyards, in Japan'as of

January 1972 is as follows.

A. Heating

Adopted Types by shipyard ( 25 shipyards)

[P

Shops |Steel Dock and Build-
i;;;;\\\\\\\\\\ Fabrication Assembly ing Berth
Steam heating 0 0 0 i
Warm air blower 0 0 0 ;
Gas Stoves ’ 8 S 3 !
Electric heater 1 0 0 :
Coal stoves 0 6 1 ‘
0il heater etc 15 10 11
nothing 1 4 10

Wearings

percentage of adoption i

among 24 shipyards
Winter cloths 83%
Portable body warmer 42%
Winter waistcoat 12%
Anorak 4%
Muffler 4%
Ear-cover 4%
[}
Table 4-6. Standard and system of Supply

For those who work outdoor wholeday 37%

For workers at building berth and

dock during over-time work at night 25%

For outdoor crane operators at night 4%

For all outdoor workers 46%

Lending system 71%

Supply as personal cffects 17%
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number of ventilating

B Cooling (for 23 shipyards)

Ventil ati on Fan

Ventilation Fans are used w dely among shipyards
of which two standard types are shown as photographs 13
and 14 in the Appendix 2. The correlation of nunber of
ventilating fans instalied and the nunber of workers
served are shown in Figure 4-1.

Figure 4-1. Nunber of ventilation Fan installed

14

| )

[-}] 0 . 3

T °

o]

-< O-\;\. - ——
. Pena,

g 0.2 || b

& e ¢l DT ~ Ci.o

- ——— - .o e m
' \ ['e e S .0
0.1 - o 4 O =~ :

'\00 . - o S 0
\ 0
O ::....——:.‘.".\‘-. ——. ————
O‘ﬁ-—o
. O
1000 2000 3000 43¢0

nunmber of workers served

Spot Coller Unit

In sonme shipyard, Spot Cooler Unit, which is shown
as photograph 16 in the Appendix 2 , arc used to blow
cool air through ducts into the shop or into the tank
bl ock of -ships on the dock. The conplete encol sure of
ways do arise other kinds of extreme environnents
These arc high tenperature, npisture, noise and dust.

For exanmple, in welding and fitting works in large hul
blocks on the docks in summer, people  sometimes have to
work in as high tenperature as 104F and in high noisture
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over 80 percent. These hot and noist environment are caused
by the radiation heats both from the equi pments thenselves
people using, i.e. gas cutters, welding tools etc., and
steel sheets hot up by direct sunshine. W show an exanple

of high tenperature and noisture observed in the hull
construction works in Japan.

Figure 4-2. Tenperature and noisture in the
hol ds and tanks on the dock.

45,
al
4 ¢
.
2y . . .
P ,v o * .
—.h‘ . . .3 . a‘
poEMb e LD :
3 8 e § .
3 X L - ® . :
1 b J s o2t 2 . . .
A . Sel er 3. e .
§ 2 s fr
3 50 FO) 6 o5 10 ) r=)

noi st ure

source: Shipbuilding Association of Japan
Working Environnment Committee.

These tenperatures and noistures are usually extrenely high
in the holds and tanks directly under the deckplates and
inside of side shells in sumer. To protect welders and
strain renovers who are working under such an extreane
conditions, Spot Cooler Unit are available in several
shipyards. ( cf. Figure 4-3). The effects of this device
at the shipyard Win the Central Japan and the shipyard X
in the Western Japan in the sunmer 1972 are shown in the
Table 4-5. Tenperature decrease was 37.4°F in average,

moi sture decrease 3-5% and disconfort index was |owered

to 80.

H-32



e e A e s

PR

£e-H

Table 4-7. The effects of Spot Cooler Unit in the Tanks and Holds.
Ovserved: middle of June~—middle of September 1972.
( Shipyard W in Cemtral Ja?an)
niddle of June--middle of October, 1972.
( Shipyard X in Western Japan)
item temperature °F hunidity % discomfort index
region air on|(1)no [(2)air|(1)-(2)] air on| (3)no 1) (3)-(34)air on| (8)no Fﬁ)air (8)-(6)
& the air cooler the air (air the air cooler
deck cooler deck coolercooler deck cooler
Central 93.2 95,0 89.6 5.4 47 47 44 3 84 85 80 5
Western 89.6 {100.4 91.4 9.0 66 47 42 5 82.5 38 81.5 6.5
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Figure 4-3.

Spot Cooler Unit on the deck plate
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O her devi ces

In all 23 shipyards surveyed, sunnet are used to make
shadow to protect workers under direct sunshine on the outdoor
wor ki ng shops ( cf. photograph 26 in the Appendix 2.)

In sone shipyards dry ice is supplied to the outdoor workers
to prevent the heat, especially to cool their heads.

They put the packed dry ice in the bag of felt and set it in
the helmet. They change it. twice a day, that is, in the
nmorning and in the afternoon. However the use of dry ice
has been suspended recently in many shipyards

The cool suits is shown as photograph 19 in the

Appendi x 2.

Tabl e 4-8. O her devices

- )]
Percentage of adoption among |
23 shipyards surveyed

Sunnet 100%
Supplying dry-ice

fgg pergonal use 31%
Vortextube and 524

cool-suits
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4.3. Cranes

To prevent cranes from speeding and overturning due to

wind force,

all outdoor cranes are equipped wth clanping

devices regardless of their size. (Installation of this

device is required by regulations of the Japanese Covernnent.

There are four types of crane protection nethod, of which

phot ogr aphs
Type I.
Type 2.
Type 3.
Type 4.

attached in the Appendix 2, as follows.

Rail clamping ( photos. No. 20 )
Hooki ng ( photos. No. 21.22.)
Pin drop ( photos. No. 23.24.)
Qy wre ( photos. No.25)

Though different depending on type of crane, these devices

may be roughly divided as listed bel ow

Table 4-9 Crane protection nethods
Descri ption Speci fication
Rai | clanping Crane rail is clanped with steel clanp near

System

crane saddl e

Hooki ng system

Steel hook provided on underside of crane
saddle is fitted into eye provided outside
or inside of crane rail to clanp crane

Pin (Drop-in)
5yst em

Steel bar or strip pin equipped on outside
of crane saddle is put in hole provided in
foundation outside of crane rail to fix
crane

Quy wire system

—_—

Steel wire a steel turnbuckle is used to fix
crane to foundation from outside of crane
saddl e
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4.4 \Mharf

Al nost all shipyards have no particular provisions
against strong wind, except for some newy built shipyards
in which w ndproof sinkers arc equipped, provided there
are anple open sea in front of wharf. An exanple of the
wi ndproof sinker at Shipyard Y is shown as Figure 4-1.

Ten chains fixed at the bottom of open sea can hold a
mooring ship with other ten chains on wharf side in the
case of strong w nds.
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Figure 4-4. Windproof sinker at Shipyard Y.
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5. Relationship of Wather Variation to Productivity in Japan

5.1 Background of the survey

Ve defined, here, productivity as man-hour efficiency,i.e,
man- hours consumed per unit volume of construction. This
productivity measure is generally used, as basic index for
daily and monthly production control in. Japanese shipyards.
The productivity is influenced by equipment, personnel
conposi tion, managenment organization and construction method
of which latter two factors are based on the former two.

Wat her conditions have also influences on the productivity
as a whole. This nmakes it difficult to single out precise
rel ationship of weather variation to productivity change

W have tryed to find statistical correlations between
man-hours consuned in particular workshops and weat her
variations during certain time span. Here, productivity
nmeasured mainly by man-hours, is a function of weather
variations, nethod of production and management and two
factors for production, i.e. equipnments and |abour.

However, man-hours consumed per unit volume constructed
differ ship by ship due to their type and size. If we
took the man-hour data on the sanme type and size of ships
in longer periods, say four and five years, the production
met hods were inproved gradually during these years. Thus
we could not find any precise correlation statistically
between weather variation and man-hours consuned.

When we have carried out surveys in depth at four
shipyards selected, we have asked for over fifty  supervisory
personnel at various managerial |evels who havc |ong
experiences in production work, on their opinions on the
effect of weather variations on productivity. Replying to
this question, sone one relies on man-hours data and others
on different data they are using according to their types
of workshop. W asked for them to express their enpirica
obsevations on the effect of weather variations in terns of
per cent ages.
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5. 2 Degree of Effect of Weather Change

The degree of effects of weather change on productivity,
based on the enpirical observation thus collected, is
shown in Table S-1 . In this table, the nmonthly degree
of effects on productivity are shown as percentages of
monthly production in each region conpared with the best
production efficiency observed from the past experience
This best efficiency is for the production activity of
shipyard as a whole, not for the outside work only.

Al though the effects of weather variation are naturally
the lagest on outside works, the production efficiency

in roofed Block Assenbly Shop has to be reduced, if there
occur slow down due to weather variation in succeeding
working stage, i. e. Pre-Errection

The nost shipyards in Japan are usually |ocated at
relatively narrow site along old ports, for exanple
Nagasaki port is older than United States itself, i,e. it
had been receiving foreign traders since 17th century.

Wien Conmodore Perry asked for Tokugawa Shogunate Governnent
to open several Japanese ports for U S. nerchant narines
120 years ago, Yokohama, Kobe and Hakodate were in his

list of ports to open doors to him In old shipyards

| ocated at such historically old ports, there are scarcely
anpl e spaces between workshops for storing stock and
menbers to adjust the difference of production efficiencies

if any, among workshops. The slow down of production at



Pre-Errection and Dock/Building Berth inevitably affects
the production pace of Block Assenmbly Shop. The effect of
weat her variation should not be considered separately for
outside work only. Thus the figures shown in the Table 4-9
denote the effects of weather change observed as a whole
for each shipyard, based on the experiences and opinions of
fifty managers and supervisor interviewed

At the shipyard in northern region, nonthly productivities
arc reduced to 85%to those in best conditions during
winter, from November to March. These reduction are
mai nly caused by | ow tenperatures and snows. The work
dots not stop in the cold days bel ow 0°C, however
it is inpossible to estimate the reduction of efficiency
due to cold tenmperature. Further, snow renoval on uncovered
surface needs another costs. Based on the data of the past

few years, the costs of snow renoving works arc as follows.

For total surface $ 362/ 100yd’
of which for-

assembl y $ 162/ 100yd’
of which for-

wel ding work $ 200/ 100yd’
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Table 5-1 ‘

begrece of Effect of Weatiher Change on Froduetivity by Region

in Percent

s

PP

O L Y ey

l.onth onnual
region |1 |2 |34 5|6| 7|8 o p2 averags
Yorthern[ 85 | 85 | &5 9d 90 9%10010:9: 9q &5, 85 90
H {
Central {95 | S5 95100100100: €5 8585’100103’ 95 95
“lesiern 35--979197100 oolioo 93' &5 85|85.10310395-97 95

Note : 100-55 denotes the best contitions in each fegion

Table §-2: .
Seasonal Wbivisjon by .region )

sonth .

] Jan JFeb ftar jApr Mey JJun JJul JAuglSep {Oct filov fbec.
. Region . '
scrthern Jinter Surmer Yinte

> - < y | emnier

Centrcl ﬂinter) s i ntey

r L ¢ : Summer 3 Vlz{r_.i,__‘_
Jestern finter Sumrer Viinter
i LS ¢ Y HIALEn
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In the Shipyard Win Central region, the effect of
weat her variation, are usually the largest in summer, expecially
due to the high tenperature and noisture ( of. Table 3-5)
and partly due to rain. Mnthly productivities during
summer arc reduced to 85% to the best efficiencies.

In the shipyard X in Wstern region weather conditions
and its effects on productivity arc almost the same as the
Central region, except precipitations during sumer nonths.

The effect of weather variations to the best production
efficiencies, considered in annual average percentage,
are 10% at shipyard in Northern region and 5% at shipyard
Wand X in the Central and Western regions.

5-3 The Secondary Cost Effect

There is no direct correlation between accidents rate
and extreme environment in Japanese shipyards. Here accident
rate is defined as the frequency of accident, for which
wor ker has to absent hinself fromwork, to one mllion
working hours. The frequency observed at shipyard Wand X
in Central and VWestern regions in shown as Table 5-3 .
Accident rates are rather high in a fine and confartable
day like spring afternoon. People ususally seemto bhe nore
cautious to protect themselves in the extreme working conditions
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Table g.3 Accident frequency at Shipyard W and X E; E
1972. | ok
.} I
Month J F M A M J J A S O N D ,ii‘
o
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]
Accident il
Frequency 6.35 5.01 10.87 ‘02.35 6 0 o o0 o0 0 2.80 ~i .
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6. Inprovenment in Productivity after Adoption of
Protection Facilities.

6.1. Roofs .

As described above, block assenbly shops arc only
wor kshops that allow measurenment of effect through the
adoption of roofs. The results of survey on bl ock
assenbly shops are given in the Appendix |-Collection of
Data, "The results of surveys on roof installment, Table-1-4,"
and in Table-5 "Effects through Indoorization in major
shipyards as of 1970".

Roofing a bl ock assenbly shop prom ses an effect of
about 20 to 30% thanks to: (1) Ability to continue work
despite rain; (2) shortening of tine required for
arranging assenbly blocks due to inproved facilities;
and (3) inprovement in working environnent due to uniformy
mai ntai ned tenperature.

Effect of covering is great in the northern part
in winter because it can prevent reduction in efficiency
arising from stopping of cranes due to strong w nds,
snow renoving work due to |ow tenperatures.

Covering of pre-erection shops and building docks
and berths have been rarely practiced in Japan despite its
great effect expected, except newy built giant shipyard
l'ike shipyard Y in western region. However, we can not
obtain any stable data there at present, because the
operation has just begun there in 1972

6.2 Protection Tools and Facilities

As a direct method protection tools are supplied to
cope with bad working environment. According to the results
of the questionnaire, this, coupled with inprovenent in
noral of workers, has an effect of about 5% for equipment
standards in Table 6 to 9 in Collection of Data
The estimation of 58 increase in efficiency is based upon
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the opinions of experts questioned, for it is further difficult
to single out the effect of the adoption of particular
protecion tool, say cool suits or portable body warmer on the
productivity. These tools, it seems, have a nore direct

effect upon the notivation to work as whole.

6.3. Crane O anping Devices
A Japanese crane construction standard provi des that
devices to prevent a crane from speeding and overturning

be installed to the crane. It is inpossible to calculate
the effect on protection units.
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6.4 AdGitional Vorks Arising from Unfavorsble Yiorking
Environmernt and Resultznt Reduciion in Bfficiency
Additional works required in Japen are the following

direct 2nd indircei iypes:

(1) ¥iné : e.z., crone clamping

-
N

~—
=
Q
o
=
s

e.5., rain vrotection (temporgry awning insizliztion},
drying, draining
(3) Snow : e.g.,. snow reroving

(4) Heét

e.5., net and cooler instellion
(5) Cola : e.g., heating

Among thece works, heating is measursble. This heating
work aitecrdent on welding invloves ihe kheating of voriions of
high tersion cicel plate end sheel to be welded vith 2 ges burner,
etc. to compencaic poor welding conditions at low tempcraiure.
According tcfablespesults of Survey on Adlitional Vorks" in
Collection of Duia compiling the reculis of the SUTLVEY

these heating works reduce efficicncy by about 20 ¢ with

P}

orGinery wélding gpeed taken as 100 %. The term "heziing v.ork"
used here does n;t mecn rewovel of moistﬁre on nor drying o
portiion to be weldacd but raising low sicel plate terveratlure to
thei optimun for welding. that is 300-400F,

Water removal cost in the case of heavy rain can not be
extimated seperately.
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Landn.

Table 6-1.. Additional Work for welding in low temperature

Decrease of i

Shipyard V

In the winter day time, stop
welding works, if temperature
is getting low under 23"F

Using gas-burner heater

20%

Heating Method Investnment productivity
measured by -
man-hours (i} i
In welding works cn docks and- $ 380 20% reductich
building berths, worker heat /5 comp.red tc
Shipyard X|welding points at first heaters | normal weldig
through gas-burner heater & work ;
thea weld immediately. .
Workshop z| Gas-burner method $ 38 20% :
/ heater :
During winter (from November
to March) no welding-work in
the night (6.00p.m.-8.00p.m.}. n.a. approximatel:

Kot sam sl .
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7.  Exanples of Productivity Increase through Adoption
of Roofs

7.1 On the Job Conpositions in the Wrkshop
affected by Weather Protection Devices

The organization of production in the Japanese
shipyards has been changed drastically, in recent years
due to the adoption of flow production system 1In previous
days, workers were allocated and organized by their trades
to each workshop. However it becane difficult to contro
workers on production flow and keep good efficiency by such
a production organization based on trades. Today, in the
most |arge shipyard in Japan, the production arc reorganized
on the stage unit through construction processes and workers
who belong to different trades arc mxed up in to a working
unit. In the case of Shipyard Win Central region, the
conposition of trades (jobs) in each production stage

is shown in Table 7-1.

Table 7-1 The Conposition of Jobs
at Shipyard W.

(1)
stage rrabricationjBlock .pre- Errection
Asscembl ; Errectio (or Dock and

Trades Y n .30¢ n

. i (4) - Building Berth]
Marking X X X
Fabrication X

(2) ) x X X
Crane Operation}
and Rigging X X X X !
Welding f
\ssembling (3) " " X X ]
nssen gL X X X X :
Bending and ) i
Caulking X
!

Fitting (3) X i
Scaffolding X !
Launching : . |
!and Testing X H
b e en e s — SN SIS S :
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notes: (1) X denotes mpjor trades in each stage and

x denotes minor trades init.

(2) Fabrication includes gas-cutting, bending and
scal e removing

(3) including gas cutting, scale renoving

(4) Pre-Erection. In this stage, which is between Block
Assenbly and Errection in some shipyard, a |arger
Block is assembled by uniting two or more small
bl ocks into one. The aim of Pre-Errection stage is
to conplenent the limt of indoorized Block Assenbly
wor kshop where | arger Bl ocks can not be assenbl ed due
to relatively narrow working surface

In the Shipyard X there are three major section in
the Hull Construction Departnent, i. e. Hull Fabrication,
Bl ock Assenbly and Erection ( including Pre-Erection stage)
and three in the Qutfitting Department (Table 7-2)
Necessary jobs for Hull Construction Dept. are fifteen
of which welding and maintenance jobs appears in every
section, hull assenbly, crane operation and rigging
pneumatic service and power jobs appears in two sections.
Further the workers who belong to the sane job do not nake
one group in the Section but scattered anong worKking
groups. Hul | Fabrication Section consists of about 450
workers, which are divided into three Sub-Section (Kakari).
One Sub-Section, then, consists of ten Goup (Han).

Each G oup, the smallest working unit, has a forman and
fifteen to twenty workers. These working unit thenselves
consist of several crafts, i. e. welders, gas cutters,
platers, riggers and pneumatic serviceman etc

Such a mxed conposition of multiple jobs in the
working organization, will be one of the remarkable chracte-
ristics of Japanese shipyard. Al necessary informations to
control production processes are based on these m xed
wor ki ng organi zations and not on jobs
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Table 7-2 Composition of major job by working section at
Shipyard X as of 1972
B Department Hull Construc- [ Out fitting
-tion
. ‘ Section 1 | 213 414 5|6
Job
Hull Fabrication
N Hull Assembly x " x N
Plater LT T x
] _Welding o X X X X
Crane Operating & Rigging X X % B A
Pneumatic Service " x x
- tPower o o -___.:_- x x _
] Maintenance x x X X x %
Slipway Service x
Inner Fitting "" o x
b Interior Fitting for Living-
L A-Quarter x
Outer Fitting x
Painting
- X 1
J
o4
J Note: Section 1: Hull Fabrication
¢ 2: Block Assembly
i ’ ‘ 3: Erection
| s 4: Inner Fitting
1 5: Super Structure
! " 6: Hold

Y 4
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7.2

Further, there is a trend to nultiple workmanship
in the smallest working unit.

Every worker has been trained in and has, at |east,
one qualified skill necessary for shipbuilding works.
However, in recent years, there is a remarkable trend to
have nultiple skills or qualifications among worKker.

For exanple, welders in Hull Construction Departnent
usual Iy have other related skill, i. e. qualification as
plater. Platers, in turn, can have gas cutters skill.

Avai | abl e Measures on Efficiency for This Study

The neasures on efficiency that are used as produce
tion managenent indexes, daily or nonthly, in each Depart-
ment, depend naturally on the type of working organizations.

In the shipyard surveyed, man-hours per ton of
constructed ship and/or volune of steels fabricated per
month are used as neasure on efficiency.

Data that show differences of efficiencies by trades
do not exist, because of nulti-trades working unit already
ment i oned.

Any physical neasure |ike welding | engths per man
per shift can not be obtained unless one carry out specia
observation beside the production line. It is inpossible
for us to do such special observations within limted term
and thus we have to relied upon available existing infor-

mati ons on efficiencies.
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7.3 Example A.

We have obtaincd during our

Shop at Shlpyard X.

In thls shop

survey man-hours
; i.e, Block Assembly

the surface was

uncovered in 1968, where roofs were installed in 1970.
We calculated the productivity increase using these
man-hours data as a clue,

Table 7-3 ..Areas covered under roof ( 1970 )

*“f‘*“-_\\* e (3) Covered
Block Assembly\ {1) lotdl Areq (2} Covered ratio.
shop \ sq. ft. sq. ft. (2)/(1)x100
A 41,980 26,910 64% -
B 11,840 7.104 60%
c o 635
e 16,146 10,226 ‘ i
Total 69,966 44,240 63
Table 7.2 Prod;ctivity‘meaSLfcs recorded, in 1968, in the
term of man-hours per square meteres of Block
Assembly shops listed bellow.

Biock N man-hours % of which—-- - y|number of

Assembly consumed on welding workers in .
shop the area(H/Y) | man-hours -% average (man);
i

A 136,800 84,820 62 50

B 86,400 47,520 55 20

C 172,800 96,770 56 70

Total 396,000 229,110 S8 150

note: Thesc man-hours were consumed on the uncovered .

aran 3en 1

area in 1968 where roc{s were instaliied in 1970,
Therefore, 396,000 hours are enrrcspondlnq 10
the covered 44,240 ftz in 1970 in Block Assen bl)

Shops A.B.C,
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Table 7-5

Working hours affected by rains,in 1968,
before the installation of roofs.

p days or hours total loss time remarks
affected per worker ( hours )
f A X A ook, T
: The days, precipitation is over .7 /H
g 1) Fully idle days 22 days 42,420 at 08:30 a.m. and all workers are
' ordered to back home.
: . The days, precipitation became over [
i 2) Interruption of 86 hours 12,242 :we‘.‘#r /i~ after beginning of operation. ‘
: welding works only et ’
: - 3) Interrution of 88 hours 12,242 The dayec, precipitation became over \
. ), €0 N . .
& all works "2‘22/1! after beginning of operation.
4) Reduction of In drizzling rains, that are under
efficiencies due vecike/H, all works can be continued.
to the drizzling 50 hours 9,356 However there occur efficiency reduction
: rains and inter- in some degree. .
; ruption listed \
| above in related !
; works :
[ i
Total —_— 64,018 — 1'
i
i
i
11
t
S S G o s S s S S TS S e S N s e B el
fh ke e e ——— ke ‘
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In 1970, the uncovered area above nentioned in
this Block Assembly Shop was covered by roofs and thus
they could elinmnate the loss tines due to the rain that
amounted to 64,018 hours in 1968. The loss rate of
wor ki ng hours in 1968 can be obtained by a ratio of
total loss times to total man-hours at that year on the
particular area in Block Assembly Shop. This was 16%
annual l'y, i.e.

loss time ratio= rotal _loss times x 100

Total man-hours

64,018  x=16.2%

396, 000
W can read approximately this loss tine ratio as
productivity increase ratio by the adoption of roofs over
these particular area of Block Assenbly Shop. It is
because that when roofs were installed over the area, the
production methods there were changed drastically.
The most significant change nust be taken place in the
type of cranes, i.e. fromjib type to overhead travelling
one and consequently in their handling and |ifting capacities.
This leads to other changes in supplying and handling
procedures of sheets and pieces on the production |ines,
in distribution and location of tools, e.g. those for
cutting and welding and total number of workers on the area.
Therefore even if we obtain the productivity figures for
1970 at the same workshop, Wwe should not conpare this
figure with those of 1968 to estimate the effects due to
the installation of roofs. The above estimated gains of
16. 2% can be considered as the nobst conservatively
calculated figure based on the conditions that there is
no change except roofs in the production methods
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7- 4. Exanple B.

As we already described in Section 2.3, the
“indoori zation” process had begun in sone Japanese Shipyard
as early as on later half of 1950's. At that tinme, the
engineers in Shipyard ivestimted the productivity gains if
they installed roofs over Block Assenbly Shop. The basis of
estimation and the result are as follows. The estimtion had
been made on the data of seven nmonths from April to Cctober
1957. The estinmation was based on the production vol une per
hours and production reduction due to rain was cal cul ated
23.6% (W/W x 100).

In this case the differences of nman-hours consuned due
to the different size and type of ships were assumed to have
no significant effect upon production volume. It was assumed
too, the necessary nan-powers were always supplied to the
wor kshop to keep the nmarginal production capacities.

The introduction of roof over this workshop elimnated
the reduction of production due to rain. However we have to
add further gains, i.e. reduction of piece stock for rain and
changes in crane capacity and production methods.

This ol d estimation can be used as standard and cl assi cal
calculation on the effect of rains.
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Basis of estinmation

(A) Reduction of Prodction due to rain

W=K X R

here K=—t——

H- ( R+E) _ _
W =Reduction of Production due to rain
R=Loss time due to rain

WEPr oducti on Vol une

K=Production Volume per hour in net working hours
H=Total working hours _
E=Loss tine due to |abour dispute

His defined as
H=Hw Hh+' H h

here  Hw=Total workinng days x normal working hour per day
Hh=Total holidays x normal working hour per daK_
H h=Total working days in holiday x nornmal working
hour per day _
n= Qperation ratio in holiday
U N 5
H M _ _
here mrTotal workers who work in holiday
M=Aver age of workers in weekday
H'=Total working days in holiday

R is defined as
R=Rw-Rh+7R'h

here  Rw=Total rainy hours in normal working hours
Rh=Total rainy hours in holiday _ _
R h=Total rainy hours in working hours in holiday

E is defined as
E=Ed+E

here  Ed=Direct loss tine due to |abour dispute
Ei=Indirect loss tine due to l|abour dispute

(B) Reduction of Production due to |abour dispute (W)
V=K x E
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(C) Operation capacity of Block Assembly Shop (W)

W =WW +\\é

here wf is defined as nornal production volune on
Bl ock Assenbly Shop if there occur no rainy days
and |abour disputes

(D) Normal working hours was nine hours per day,
i.e. 8.00am noon, 1. 00pm 6. COpm
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Table 7°6
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Effects of rains to Block Assembly Shop
Observed at Shipyard W during 7 months
( April to October ) 1987,

. am- -

'\ltcn Total warking | loss time due | loss timo duc | Volume of production Losses due to | Losses due to | Tulld copaciey
Ront;\\\\ hours ( h ) to rains (h) to labor dis- per month per hour (%) rains ( t) labor dispute | when qf-o
; (R) pute ( h )(E) ( tons ) (W) (¥r) {t) t:!'f—('tl.-
aril 243.0 §3.§5 0 S641 29,7 1590 0 7N
i )‘ 248.4 69.0 e 5427 30.2 2080 0 7507
‘- 235.8 62.2 0 . 5056 29.1 1895 0 03l
i, x, 239.0 3.9 38.5 3662 28.3 2140 111s5.0 6517
;- ugust 243.4 21.0 0 6042 27.2 572 - 0 COld

T Tepterber 2481.6 96.5 0 4074 28,2 2720 0 6704
Citover 249.9 25.3 14 6118 . 29.2 740 406.0 685%
'5Veragc 243.0 57.3 7.5 5145.7 28.9 1655.0 217.0 7037.7

e v mo 10w weo
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8. Weather Protection Devices ,in the Heavy Equipment Industries.

8-1. Description of Wrkshop Z

As wc have al ready described in our Research
Proposal, we restrict the scope of heavy-equipment and
construction industries to be studied to the works which
are carried out within the sane enterprises with shipyards
as a field of their diversified operation

We have selected a |arge scal e construction shop,
wor kshop Z, that is |ocated beside shipyard Win centra
region of Japan. Weather variations in Wrkshop Z is
the sanme with that of shipyard W (cf. 3. seq. )

The products in this workshop Z are steel bridge, highway
structure, water sluice gate, hydraulic pipe, parking
facilities and steel frame for building etc

8-2. \Weather protection devices adopted

The surface of this workshop Z is not covered
by roofs, exports a part of paint shop, that has a floor
space of 30,030 ft’of which 3,305 fti.e. 11%of space
is now covered by roof ( the data of which are given
in Table 4, Collection of Data.) Protection devices

adopted other than roof are 1) heat er,
2) Sunnet, 3) Water cooler and 4) Wnter Coth
heat i ng devices that were introduced since

1968, were small portable gas-stoves to heat workers in

the closed section of steel structure on the ground

( cf. Table-7, Collection of Data and photograph No. 15).
Sunnet were used since 1957 to shade workers from direct
sunshine during sumer. At present nets are nmade of

nylon and have different size according to the places

to be used. Water cooler that is shown in photograph No.17,
comercially available ordinary one to serve workers

on work surface in summer. Wnter cloth (photograph 18)
arc supplied for rent, without fee, for every workers
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during winter. The cranes on this work surface have

sane clanping devices as those of shipyards and the

types and costs are shown in the Table-11 and 12, Collection
of Data.

8.3, Their effects on productivity.

The use of protection devices are limtted to rather
sinple ones like portable stoves, water-coolers and
winter cloth. Thus, their effects on productivity can
not be singled out and, it seens, have good effect on
the noral of workers in sone degree.

In this workshop, preheating of welding points
are usually done by gas-burner method in |ow tenperature.
These additional works for welding usually reduce the
productivity measured by man-hours by about 20%

( cf. Table. 6-1. in the Report).
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9 The distribution of shipbuilding costs in Japan

9-1 The nethod of estimtion

The shipbuilding cost usually differ from the type and
size of ship and from the conditions on which shipyard
operates. Although tankers are the largest single type
of ships that are constructed in Japan, there are wde
variety of ships constructed among 25 major shipyards
here, and it is inpossible to get average figures on the
shipbuilding costs. Another difficulty arises fromthe
fact that the field of business of the mpst shipbuilding
enterprises? have been diversified significantly in recent
yeazrs, and}\faistort cost figures appeared in company's annua.
financial statenents.

Consequently, we select two shipbuilding conpanies
whose nanufacturing activities concentrate on shipbuilding
and especially on single type of ship, so as to get
relatively stable and reliable cost pictures. The figures
base on the financial statement of these conpanies.

9-2. The distribution of shipbuilding costs

The shi pbuil ding conpany A has only a |arge shipyard
in western region, according to climate classification used
inthis report, and the sales of shipbuilding departnent
accounts for 82% of the annual conpany sales in 1971. The three
fourth of shipbuilding sales comes from new construction
and one fourth comes fromreparting. The nmain product
here is large tanker of 200,000 dwt.

The shipbuilding conpany B has also one najor shipyard
in northern region and the share of shipbuilding accounts
for 88% of total annual sales in 1971. New construction was
94% of total shipbuilding sales in this year. The main
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product in this conpany is small bulk-carriers from 25,000
tons to 28,000 tons in deadweight.
As for the cost itens, Raw Material is including
subcontractors and purchasing, Overhead is including the
cost for capital conponents and salaries in general and
adm nistrative departnents.
The distribution of costs in 1971 are shown in the
Table 7-1, Raw Materials item accounts for about the half
and Labour cost for slightly under 20% whereas the Overhead
s over 30%

Table 9-1. The Distribution of Shipbuilding Costs conpared
with other Mnufacturing Industries in Japan.
1971 (%

Cost items Raw Mate~ Labours Overhead Total

Shipxgﬁdindustties rials charges
Shipbuilding Co. A 49.1 19.8 30.9 100.0 ;
Shipbuilding Co. B 50.4 . 15.8 33.6 100.0
. i
Machinery Industry 60.3 16.9 22.8 100.¢

(except electrical)

Electrical Machinery 51.8 21.1 27.1 100.0
for Industrial Use

Railway lgcomotives 60.3 16.9 22.8 100.0

SOURCE : M tsubishi Research Institute, Kigyo
keiei no Bunseki (Financial Analysis

of Japanese Cbrﬁgraggonik, 1972
: , Dee, :
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Appendix  H1.

Col l ection of Data
Expl anatory Note to Table of Protection Facilities

(1)

The results of survey on rool installment

Table-1. Work environment with roofs
Type of workshop: No. 1.
Tabl e-2 do: No. 2.
Tabl e-3 do: No. 3
Tabl e-4 do: No. 4

Table-5  Effects through "Indoorization" in major
shi pyards as of 1970.
The results of survey on protection facilities and devices
Table-6  Work environment-heat and cold protection
facilities, Type of workshop: No.1.

Tabl e-7 do: No. 2
Tabl e-8 do: NO. 3
Tab2e-9 do: No. 4

The results of survey on czane protection
Tabl e-10 Protective equi pment exclusively for cranes,

Type of crane No. 2
Tabl e-11 do: No. 3
Tabl e-12 do: No. 4
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. Explanatory Note to Table of . Protection facilities

Items Definitions Remarks .
- 1. Type of 1. Block Asscmbly )
Workshop | 5 pre.Erection (Grand Assembly) ’
3. Erection on dock or building
A Poaere berth
Qe LUQLAIU}
Z. Type of | 1. Permanent building, wholly

Roof

closed
i , with
travelling roof

Permanent building with
roof, not wholly closed.

4., Travelling roof
3. Covered | 1. Covered ratio of Block Assembling Shop=
Area Square meter of indoorized assembling surface)c
Square meter of total of assembling surface 100
2. Covered ratio of Pre-Erection Shop=
Square meter of indoorized pre-crection surfach
Square meter of total pre-erection surface 10¢
3. Covered ratio:of.Building Berth and Dock=
§gu5§¢”@¢t¢r of covered areca )
Square metcr of Puilding berth and Dock 100
. 4. Type of | 1. Owened : .. .
Acquisi-| 5 pental ‘
rion
( Roof)
S. Capital Building Construction Cost+
Cnacte « . . -
{ Roof) Civil Enginecring Cost and

- Cost for Auxiliary Facilities
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. Explanatory Note (continucd)

Itens Definitions Remarks g
6. Operating | Yearly maintcnance cost - ; i
Cost . ‘
for particular covered area
i
7. Type of 1. Ventilating Fan.
Protection 2. Air Conditioner § Stoves
Devices. 3. Vater CoQler .
4. Winter Cloth :
S. Sunnct . '
6. Cool Suits, {
8. Type of 1. Supplicd as standard equipment i
Utili- to workers |
zation 2. Lended vhen need ariscs i
9. Capital Costs to introduce or purchasc I
Cost the devices .
(Devices) !
10, Operating Yearly rceplacement costs i
(Devices) . . ’ !
11. Type of 1. Overhead traveling crane i
cranes 2: Bridge -crane v
3. Jib crane
4. Goliath crane |, :
12, Crane Lifting capacity 7 .
capacity ;
13. Type of . |same as Item 1.
workshop
14, Type of 1. Rail clamping ;
protection|2. liooking :
methods- 3. Pin drop :
4. Guy wire i
Operating [Yearly main-tenance costs for ;
costs particular protcction method I
. l
— . - :
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' (1) The resylts of cuqu:u on ool Installiment

Table 1. ¥ork environment with reefs
Type of workahop: Ne.l

T & ST

) y 1tal eratiag
Shipysrd |[Floor space. Conui 2| Cover e of Type. ® L3 g l.{gﬁnnm“!_ﬂmﬁ.lu__
of mrkz space ft Tate ﬂ) Re"!" .EE“'L“ ; ;::I,‘ ftz Pﬂ'/ﬂ‘" nusber of :%‘:tn.:::ur::
shop,ft Jphotos .

) N 'Y 1.2, steel structure,

i 39,611 35,305 89 - galvanised fren .

: sheet

;‘ 85,357 85,357 100 1 14.55 6,004 1.2, Yo"

: x 13697 |143,697 100 13 14.12 0,260 12, “w .

i

. 1.2 teel struct

% 4 775,600 775,600 100 ) n.an :o:;u: {‘tl:nu:;:n

i R TR P T = 15,00 G et senesore,

yi, sheet

: LK |

E‘ T v 25,833 25,813 100 ? 1 .12 4.5.8. :;:::‘t:::ﬂm.

' 4.5.6. teel struct

N g X 37,921 7,027 100 2 8.82 2,622 ;.{:‘ :‘::c‘\:;;.

* sheet

. R 4,.8.6, 13

( 7 50T |65, 107 100 2 15.42 Eolored Lron sheet

1] 91,008 59,944 66 ] 3.53 1.8, Eslon(Corrugated

kinylchloride rest
kheet)

. v 62,377 |i12,3718 20 [ 12.36 1.8, btesl structure,

: gelvanized (rea

: heet,

+

' x 52,635 | 20,666 %0 LR 212 han A iR i

i . N . sheet,

1]
' T = - - N : readily movable
' bosnet voof
'
tetal  ({1403,238 11,205,905 92 The Tise in productivity by covering fa the CO3€s amounts to
. Bto 32 perceat,
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table 2. Nork énvironment with roofs .
. Type of wrokshop: No.2
Shipyard | Floor space| Covered | Covered Type of | Type of Capita}:{:osts Operating Description of
of workshop| space rate covering | acquisition ¢,¢t2 costs facilities
12 £t2 (%) $ per year {Code specifi-
number |cation of
of photog structure
Y 21 2 1 15.42 - 4.5.6. |[steel
447,503 97,682 . structure,
colored
iron sheet
total 447,508 9,075 21

P
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table 5. . Work environment with roofs ‘e
. Thpe of wrokshop: No. s | o

Shipyard | Floor space| Covered | Covered Type of | Type of Capitaléosts| Operating Dcscriptfon of
of workshop| space rate covering{ acquisition $/ft2 CosSts facilities °
18 2 . . $ per year ! Code specifi
. number [cation of
of photod structure

Y, . _ g ) . steel
1,130,206 107,640 10 4 1 ‘ .25.60 - 1 7.8 structure,
) . : : colored
' _ . ’ iron sheet
total 10
1,113,206 107,640 * -
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table “ .

. Thpa of wrokshop: No.g

Work environment with roofs

Type of

LL-H

Shipyard | Floor space] Covered | Covered Type of Capitaléosts| Operating Dcscription of
of workshop| space rate covering | acquisition $/ft2 costs facilities
ft2 ftz (') ¢ . [ 1 per year Code Spetifi
. number [cation of
I“ of photod structure
Y. 80, 730 80,730 100 1 9.00 . 4.5.6, [steel
. . ' i g : structure,!
\ . ! . colozed
. ' iron sheet
X T 35,520 ms20 | 200 2 15.88 2,508 9. 10 pteel
.. L 1 Etructure.
) . . . alvarized
| 1: . . . iron sheet
z - 30,000 3,300 u 2 ‘ 30.18 1.140 P 10 |-
W 30,250 21,530 71 4 . 8.93 - 11, 12 |*»
total | 176,500 141,080 80 ! |
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(2) Table S.

Effects through “Indoorization” in major
shipyards as of 1970.

Shipyard Increasc of |Reduction of | Remarks
Region ) ipyar f?ggr use manhours (%)
rate (3) (1)j - 2
Notth- v - 40 ’ 20
10-15 S(only for
ern E outdoor
works)
¥ 30 15
L 20 -28 15
Central K 20 ! - 15
J in somedegree 10 plus improve-
ment in
working
environment
o. 20 15 €Hfincrease in
P 100(in final 30 safety and
assembling) 2h %
Western . yove
X 10 | 10 improvement
: in working
‘ - conditions.

™

Note: (1) ratio of fabricated steel in tons persquare meters of

assembling yards.

This ratio does not directly

correspond to the annual increase rate of production

capacity.

By increasing floor use rate at particular

wprkshop, additional works could be done, if other
poduction factors, especially manpowers, were provided

carry out this additional works.

Empirically,

annual increase of production capacity rather
corresponds to the rate of reduction of man-hour

consumed.

(2) man-hours per tons of ships constructed.

Source: Nihon Zosen Kogyokai ( Shipbuilders' Association of Japan)}
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(3) The results of ~sur§ey on'protection facilities and devices

Table 6. Work environment-hcat and cold protection facilities .
Type of workshop: No.1} : Lo
oxkshop |Type of jSeandard|Type off _ Capitel Costs ° | Operation Costs \ipecifi-
protec-|of equip;acquisii ANADET 1208t por [Lotal [ Auaber CoSt per|Cost T jearicn jremarks
tion nont tion of | ity cost |of wad s ver ‘eade
facili-| (nuaber Cae3lii~( . supple- unit ruabet
ties of units ties | . 8D, imented (S ) (S o
. per (numbesy  Junit) faciii- vyprerson/ photus
person) of unit ties year)
. per (number
person) 2
. units
per
person)
X 0.25 0.248 357.2 52151.2/0.026 ~357.2 [9.11 13,14
Y 1 0.2 1 0,195 407,0 p2320.0 - - - 13,18 .
o 9.42 2__l0.430 _, .357.2 H6793.200.176 |  38.0 |6.70 NEAL
w 2 c.02 . 0,022 . rx 2] 0.,022
v 2 Jos2o |3 joiaos_ | o B0:8 1,833 7" 1148 1025 Lis
X 0,03 0,139 Tyu 3v00%,0[9.063 13070719765 17
Y 3 0.03 1 0.027 . 247, 5187.0f - - - 17
w 0,03 0,048 1vv 2850.0(0.048 19.0 {0.91 17
Vo 0.0% 0,008 7410342 b - WU RS IO )
Y g.01 | 0,013 13.3 133.0) - . - 15
W 4 3 1 ¢ . . - - - iR
e e S B P 1,000 2190__12660,01 - —, > 18
Ay [ 0.02 1 2.017 L15.96] 159.0/0.002 =.15.96]0,027 - .
¥ 3.03 9.032 ) 15796 . 159.6! _~__ | __- L S
h #0719 1 0,356 e 38 3040.0]0.014 . 38307 j0.52 T.ITi9
Y 6 t.ud 2 0077 30.4 [ 1824.0{ -~ t . - 19
' W 1) b 1) . - . .- - 19
{ - ——— -
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(3) The results of

surveyon protection facilities and devices

Table .7. Werk environment-heat and cold protection facilities

Type of workshop: No.2

%orkshop Type of)'Standard|Type of|__Cavital Costs Oseration Costs specifi- .
protec-| of equip|acquisi|number kost per [total |number jcost perj|cost ' .| cati remarks
tion ment tion of mit cost |of unit per Code
facili-| (number facili- = |supple- unit nurber
tics of units ties ! ‘nented s/ |of

per (numbcrk $/unit) ( §) /faciliJ( $ ‘unitiperson/] photos
person) of unit ties year)
per (number|
person) of
units
per
tpcr§od)
X 0.14 0.143 357.2 110716 { 0.014 357.2| 2.33
Y 1 019 ' loi10d 36816 12150 ! 000 g3 | 13.14

oz 2 0.95 1 1 0.050 | __150.0: 1140 g 12 18070170795 ° 3

X 3 002 ] 1 0.024 190007 gy e %;

— 0,08 - |.0.085 } __72,2] 722 |o.017 | 72.2| 1.20 17

: ! ..o 1 0.071 13.3] 159. . - B ¥ -
< _1.00 d ., 11.000 | 11,3 ) 49n.20.233 11.4} 2.65 18 “
X 5 0.04 1 0,048 -15- 94 159.60.005 15.9¢" 076 - .

bt o L0W2T L 0.267_ ) 43508 509,20,.083 . 15.9% 1.33 .

X 6 .29 0.2367) " T38072280 0 0 08| TS T og Vs

k
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(3) The results of enquete on protection facilities and devices
" Table 8. Work envireamcnt-heat and coid rrotection facilities
Type of workshop: No.3
roxkshop |Type of [Standaré |Type of| cCapital Costs Operation Costs \spgpifi- )
protec- fof cauip |acquisi [NGHECT [COSt per [total |Aumber [cOS< perijcost .1 .,tjon |remarks
E;o; i ﬂ:?;t tiop of unit cost of unit ner Tode ]
f§c111- (:a"ugr an*llnc $ (s supple- (3 unit auber
ties of units ties . /wcwucd (¢ / of
Lot (number*  /unit) facili{  /unitiperson/| D¢ . o
person) of unit ties vear) !
per (nvrber
person) of
units
per
o person) )
X 0.28 1 0.278 357.2 189300 , 0.028 357,2 9.94 14
Y 1 0.17 0.168 541.9. 109440( - . - - 14
W 5.30 2 0.302 357.2 57152, 0. 094 38 3.58 14
v .51 1 0.319 1 _342.0._| 40356_° - - 14
X 2 0.02 1 0.016 11400.0 159600 - - - 16
|3 2 cnolcrﬂ 02 2’ C.0i5 11400.0 91200 - - - 16
v 2 . (.05 1 0.052 _38.0_| 760 - - - 1 15
X 03 1 0.020 190 4370.4 0. 002 190 0.42 17
Y 3 0.02 0.023 247 6916 | - . o | 17
W 0.03 1.2, [0.926 190 26601 0. 020 19 0.50 17
v 0.02 1 0.016 1 114 .. | _ 684" : - 17
Y 0.1u 2,098 13.3 ‘ 1569|4 - - - 19
W 4 0.87 1 0.566 8.7 2022 - - - i
Y 1.00 I_OPO 5 B Zuﬁﬁl ¢ - - - i8
X 5 033 1 N.578 15,961 478870.033 15.96710.53 -
W (.77 r-.,m 15,964 654306 - | - i - | -
X 6 0,61 6127 17738 20900 | U061 . 738 T 2733 19
I 0.4u¢C yA (: GS7 45.6 1.76‘7] 19';




(3) The results of survey. on protection facilities and devices
Table9 . Work encironment-heat and cold protection facilities

iype of workshop: No.

Workshop |Type of |[Standard [Type of| Capital Costs Cperation Costs specifi-| = |
protec- {of equip |acquisi[numbcT ICoST per [totel pnumber |cost per|cost cation |remarks
tion ment tion of vnit . |cost  of unit per TCode
facili- j(number facili- : supple- |- unit number
ties of units ties (% ‘mented (s /7 |of

per (nuabex($ /unit) facili4 (§./unit)person/| photos
person) of unit ties year)
T per ° {(number
o person) of
units
per
person)
Y 1 3.14 1 3.140 419.5 |65,888.2 - - - 13,14
W 0.80 0.800_1 950 115,200 - - - 1.13.14
¥ 2 0.20 1 0.200 1252807 "7 g 12077 = [ is.
Y 3 .| 0.06 1 006071 247 741 T - Y
) 0.05 0.050 4 190 | 190 0,050 | 190 1 9.5, 17
3 ( 6 D.UO 1 3.000 30.4 4’560l 19
2 -
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(4) the results of survey® On crane protection .
‘Table. 10Protective ecquipment exclusively for cranes
Type of crane: No..
wWorkshop| Capacity Place ¢£|Type of Total of Operating Protective\gquipment
of crane equip- [protective | capital -- . costs code specification
ment equipment . aumber of of structure
(%) ($ | photos
- per _year)
311 — 7752 26.6__| 20 steel
L A Ly S S 1.5. | .615.6 | _ 26.6 | 20.23.24 "
10T : _ .
3 26 6 23.24 "
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(4) the results of survey On crane protection

Tablell.Protective eaguipment exclusively for cranes
Type of crane. No.3

Capacity

Place of

Workshop Type of Totzl of Operating Protective\équipment
of crane equip- protective | capital costs code specification
ment equipment S : nurher of [of structure
($) . photcs
wer _yvear)
.§QT§§OT 3 %.g 2,273.4 83.6 .20.23.24 | steel _
W A0T/XST I 3.4, 2 354 0 o |_20,23.24.25 ¢ _. . " .
) DL S S TP kb R 1S 7 L
125T/25T. 1.4. 965.2 250.8 20,25 "
X bor 1 2 7,220 - 21.22 "
60T . 5,200 - 121,22 "
B 6T/3T 3 2.4, 836 197.v | 21.22,25 "
T00T/50T 2 9,120 I94.0° 71 23.24 "
357/10T 3 3 13,490 190.0 "on "
Y 207T/10T 2 9,120 133 o "
~;g§§§1 ; 3 13,300 133, n_n "
3 90T/d5T 3 4 .83 6 "o " .
W 80T/ 35T 1.3 |3 15 : "o n ‘
10T %:088 . " on "
z 20177757 2 3 Bog 60.6 | " "
© | 15T/7.8T 608 60.8 " "
"—"—'——"""“SOT - - "won "
50’1‘ - - "on "
\'4 anT 3 3 - - o "
45'1‘ v - " 9 1"
—.25[‘ - - 1" "
10‘1’ 1 - - [ ]] "
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(3) the results of cyryey On crane protection

Table 12;Protective equipment exclusively for cranes
Type of crane: No.4

Pl e N L et L Y

Yorkshop|Capacity Place of|Type of Total of Onerating. | _Protective equipment
: of crane equip- protective jcapital cost| costs code specification
5 ment equipment ) . | number of Nof structure
3 ($) ($ . | photos
4 . per, year)
= Y 600T 3 1.2.3. ..98,5800 912 _ 20,21 22 23 24 steel
. . - N "
3 207 2 —4,180 21.22 L
’ ¢ - " "
; X 300 2 23 ;560
1207 3 9,652 - " Y
! 80T 8,170 - " "
Z 20T 2 4 1,026 2 49,4 | 25 "

e o
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Appendi x H2
Phot ographed of Facilities and Devices.
( Each nunber under pictures denote code
nunber in the Tables in Appendix H 1,

all pictures were taken during our
survey on Decenber and January 1973.)
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1. Roofed Block Assembly shop at Shipyard W in the
Central region of Japan. Type of roof:
permanent building, wholly closed.
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2. Roofed Block Assembly shop at Shipyard X in the
Western region. Type of roof: same to 1.
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3. An assembled block is carried out from roofed .
Block Assembly shop at Shipyard X. N
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4. Block Assembly shop with travelling roof at Shipyard X. Type
of roof: permanent building, wholly closed, with travelling
roof.
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5. Block Assembly shop with travelling roof at Shipyard X. Type
of roof: permanent building, wholly closed, with travelling

roof.
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6. Block Assembly shop with travelling roof at
Shipyard V. '
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7. Block Assembly shop with travelling roof at Shipyard W.
of roof: wholly travelling roof.
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8. Block Assembly shop with travelling roof at Shipyard W. Type
" of roof: -wholly travelling roof.
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9. Painting/Coating shop at Shipyard X in the Western region.
Type of roof: permanent building, wholly closed, with
travelling roof.

10. Painting/Coating shop at Shipyard X 1in the Western region.
Type of roof: permanent building, wholly closed, with
travelling roof.
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11. Painting/Coating shop at Shipyard W. Type of roof: Travelling

roof.
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12. Painting/Coating shop at Shipyard W. Type of roof:. Travelling
roof.
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14.

Ventilating Fan.



T B o O E NI Y, e A P b

——

-

L RIS

o
~12
I

;
Vaae
.\ b

i
R
.o
s .
L e
o b
SN
.# ’
#
.
NN

hatadt ]
PIR

L I =
et
DA

ce.

e o mee

o
¥
ey

S L
R
e e

AN s o
e

Gas Stoxaeo,

15.

———
LTI HTTN

H-88

Unit on the dock.
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Water Cooler.
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A foreman wearing Cool Suits.

19.
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Rail clamping device for Bridge crane.

20.
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21. Hooking device for Goliath crane.

22. Hooking device for Goliath crane.
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Pin drop device for Bridge crane.
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Sunnets over upper deck on the dock.
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APPENDI X' |

STATE- OF- THE- ART | N HEATHER PROTECTI ON
FACILITIES IN THE EUROPEAN SHI PBUI LDI NG | NDUSTRY

Battelle-Frankfurt Laboratories, Frankfurt, Germany conducted a study,
“Heather Protection Facilities at European Shipyard”, under a subcontract to
Battell e-Northwest a part of this study. That report is reproduced here.

The report includes estimtes of increases of productivity and actual
increases of productivity for working with weather protection facilities along
with capital and operating costs of several structures.

Reference is mdeon Page 12 of the report to English summaries of articles
witten in German. These are attached foll owing the appendix section of the

report. Photographs of novabie “halls" and a hoarding panel system used in Germany

are included at the end of the report.



Weat her Protection Facilities

at Duropean Shipyaéds

February 1973

A Introduction

It is the intention of this report to describe the
different types of weather protection facilities used
at European yards and to denonstrate the i mprove-

ments in worlcing productivity and costs.

Literature reviews could only urnish a small part of
the information required for the study- SO special
questionnaires were sent out to selected European ship-
yards and in addition, sone Gernman shipyards were

contacted by tel ephone

ortuxmely the results of these activities were
not sufficient because nost of the shipyards were not

willing to cooperate-

Therefore the follow ng information, especially the
quantitative figures, can not be representative for

t he European shipbuilding industry.



Navertheless, thoe Cigures éclivcrcd by questionnaires of
two German, onc Dutch and one Swedish shipyard, have been
included in this report to give at |east an order of
magni tude. The report arrangenent, whi ch has been

proposced by BNW, has been talken over as far as possible.

B. Designs, costs and effects of weather protection

facilities

1. Pernmanent and portabl e weather Protection

facilities used at FEuropean shipyards

1.1 Facility designs

The follow ng weather protection facilities of different
types and dinmensions and for several. shipbuilding activities

are in use

- halls with fixed roof
construction: steel or reinforced concrete with
overhead travelling cranes
used for: mar ki ng, burnings welding. erecting

of panels and sections

- halls with traversing roof
construction: steel or reinforced concretc with
overhead traveling cranes or other
cranes. working from outside through

the open roof

EByYPTE0E INSTHIE T ES TP VSREDRT VS NS
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movable halls

construction:

\

sheds
construction:

used for:

shacks
construction:
used for:
portablé roofs
congtruction:
moved by:

used for:

of pancls and sections

steel frame; steel- or other

material-plating

marking, burning, welding, erecting

of panels and sections, assembling

" steel

sandblasting, painting, storage,

wood

storage, general purpose

steel frame with corrugated plate-
crane

marking, burning, welding, painting

tarpaulin shelters, tents

used for:

burning, welding, painting, storage,

general purpose

woather prdection clethes

used against:

PERSE S 220 B O B IR T B PR S B Y PR ASNKEL

rain, wind, ice, snow, coldness
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1.2. Capital and operation related coats

nd opneration related costs of some weather

=22 2esa

Mo
<

The capital

s

protecction facilities are specified in table 1.

| —

Fo. better comparison, the costs are given in US dollars

per squarc foot of floor arca, LOO.
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Table 1: Capital

'

costs nnd operation rclated costs of some weather protection facilities

Liype of weather

floor areca

capital costs

operation related costs per year

NOTE: The above costs are for- individual buildings and are not necessarily representative
of capital and operating costs for buildings.

i:z;:z:;on related to 1972 repai- main- hea~ illu~ | insu-| total 4
sq. ft. us $ ring tenancej ting minat.| rance Us § ;

us ¢ por sq. ft. US 8 us $ US § us § us § Us 8 Iper sq.ft.
<
hall with . %
fixed roof 15,000 95,000 6.33 2,400 {1,250 |2,400 | 500 329 |6,870 | 0.46
F 4
z
hall with . , =
travarsing roof 14,500 170,000 11.72 2,500 1,750 2,400 L50, 520 17,620 | 0,53 =~
>
wiovasle hall 3,200 10,000 3.13 930 310 - 160 125 |1,525 | 0.48
z ’ 2
sortable roof 900 1,500 1.67 130 40 - - - 170 | 0.19 -
z
wcat 1er protection -
2lot1es (for 50 - 1,550 - 160 - - - - 160 - -
workmen) —
-
<
o
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2. Methods and procedures of weather protection for

personncl and material in the European heavy

construction industry. Improvements in productivity

and costs.,
A spccial analysis of this branch has not been made, because
.many of the European shipyards build not only ships, but also

aocks, heavy steel constructions, apparatus, machines, etc.

Thus the conditions for the use of weather protection

facilities are nearly the same.

3. Effects of weather protection facilities on productivity

and costs in the European shipbuilding industrv.

- Advantages and disadvontages in the use of weather

protectioﬁ facilities -

3.1 Advantages

- better working conditions

- better working quality

- no interruption of work by adverse weather conditions
- lower uncertainty in work planning

- no schedule delays.

- increase of working efficiency

~ lower production costs

AP EEIEE INSTEEC R 8y FRANKELF L AN SIS
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- no removal of rain water, snovw, -ice

« less or no removal of dirt,zdﬁst. rust

- less or no prehea£ing (when welding high tensile
stecl or painting)

- longer life s?an of shipbuilding tcols and apparatus

- lower accident rate

-~ lower sickness-raté

- possibility of working without daylight

- possibility of welding high ténsile steels

- possibility of sand blasting

- possibility of using automatic devices
(e.g. submerged arc welding or gas-shielded arc welding)

- better possibility of control

3.2 Disadvantages

- narrov working space )

« low height of crane hook (in.halls with overhead
travelling cranes)

- draft

~ more heat

- moxe noise

- more welding and bgrning gases in the air

-~ more dust in the air during cleaning work

4, Increcases of worker productivity obtained in the

European shipbuilding industry bv the uso of weather

protcction.
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; 1-8

et
[P

S

PR
- [o—

PP

~—



4.1 Productivity per shift and worker

wi t hout weat her wi th Weat her
protection protection
facilities in facilities

adverse weat her
condi tions (snow,
ice, rain, storm

linear ft. linear ft.
wel di ng manual 65 120
automatic 240 430
bur ni ng manual 180 360
automatic 570
Sg. ft. Sg. ft.
Palntlng (i ncluding pre-
imnary work such as
derusting etc.)
manual 220 480
Wi th spray gun 380 760

The shipyards took the above figures fromtheir production

records.

Since thin plates afford a larger, and thick plates a smaller
wel di ng and burning productivity nmeasured in linear ft., an
average plate thickness has been assumed

Figures for welding were assuned to be one run of welding.

2R S N U I A SO N B N U N BN PP ANSETE RE AN A,
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Figures for painting were assuned for one coat film of

t he average thickness.

The significant difference between working productivities
with and without weather protection facilities will of
course decrease if better weather conditions are anticipated

(see 4.2)

4.2. Productivity.per vyear

(basis for productivity wthout weather protection
facilities = 100)

w t hout weat her w th weat her

protection protection

facilities facilities
mar ki ng 100 150
bur ni ng 100 165
assenbling includixxg tack wel di ng 100 140
wel di ng 100 165
pai nting including prelimnary work 100 170
ot her shi pbuilding activities 100 135

The above figures have been estimated by the shipyards.

5. Additional work requirenents and costs in European

shi pbui | di ng_caused by environnental extrenes

renoval of

BAETTEEE INSEREE Ly FRANKEDRT AN ATATN
I-10



- dirt

=~ dust

-- scale

- - rust

- - rainwater
- - snow

- - ice

- proheating for
- - welding

- - painting

nore | 0ss and repairing and maintenance of shipbuilding

tool s and apparatus

nore 10ss of materials, e.g. welding electrodes and

welding'wire

- arrangement of safety devices to prevent damage by

wind, storm, etc.

-

6. Sccondarv cost effects on worker productivity resulting

fromenvironnental extrenes

6.1 Accident ratos

(basis for accident fatc without weather protection

facilities = 100)

[FEA IO B B R RN I B A PRNSKRED T vt 8,
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in summer
in winter

throughout the year

6.2 Sickness rates

-~ ——— - — - B e —

without weather with weather

protection protection

facilities facilities
100 95
100 75
100 8s

(basis for sickness rate without weather protection

facilities = 100)
\

1

in summer
in winter

throughout the year

The above figures hﬁve been estimated by the shipyards.

C. Cconclusion

. o—

without weather with weather

protection ’ protection .

facilities facilities '
100 °5 - :
100 75 %
100 85

e

-

Shipbuilding in Eurcpe is shifting to an increasing extent

from non-protected open-air space to weather protected areas.

Weather protected facilities ensure improvementg in working

productivity and working conditions,

'Especially small and middle sized §hipyards with adverse

climate conditions, e.g. Amels, IHC-Smit and Linz shipyards

(see literature), have erected and put into operation halls

BATTEUEE-INSTRIGE BV FRANKEURT AN AL ATS
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do

for shipbuilding activities, which had been done in open air
space before. In some cases even building docks and slip

way areas have been covered by weather protection devices.

Most of the larger shipyards in Northwest Europe however,

" could not,or only partly,realize this ideof total inside
_shipbuilding up to now, because the capital costs for such’
great halls.‘covering the‘wholc building areas, are too
high in relatién to the attainable output. The shipfards,
in many cases, also have not got enough orders to justify

such investments.

.De Literature about Weather Protection

1. "iUberdachtes Baudock.bci der Amels-Werft in Makkum"

- HANSA 1971, Nr. 21. p. 2096 -

2. "YBinnenschiffbau in der Halle"
- Schiff und Hafen 1972, Nr. &4, p. 247 - 249

3. "Uberdachte Helling bei IHC Smit"

- HANSA 1972, Nr. 24, p. 2270 - 2271

4, 'Reconstruction of Orcsundsvarvet"

- Schiff und Hafen, 1970, Nr. 11, p. 1038 - 1000

Copies of thesc articles are attached, additional English

summarics of articles 1, 2, and 3.

LAt ettty ottt ooty FPRANSKRED B v arage,
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Uberdachte Helling bei THC Smit f

- Hansa 1972, No. 24, p. 2270 - 2271

———

Roofed Buiiding Slip at IHC Smit¢ Shipvard (Netherlands)

om. _ _we e ~__ M §
VWRZ118NH SUBKEATY)

The former shipyards L. Smit and J. + K., 8=it,

sy
Lcare Lcas scomddand do ama mtelmermsed srddldor Sha THA _ Lemntem mimaa i
BAVE UGOoII UHITeU YO ORE SILIPpYArG Wivuwiliill VYAt asw=ual'cou SincTS L.
1967.
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of the entire shipyard ard also the way of. production. Ship~ ‘
building should be accomplished without the influence of adverse L

eather conditions and rationalized to .a high degree so that

£

personnel savings can be obtasined. Workmen are no longer willing ij
to do shipbuilding work at umprotected and narrow places.

e
Nrowe

The new shipbuilding hall, existing of three naves, was finished
in October 1972. Consegusntly -the whole steel shipbuilding up i[
~to launching cen be accomplished inside the hall. )

——

The third nave covers the building slip, whichk has a bulk-
heading against the ocutside water in form of & pontoon. Shi§§
with the dimensions of 459.2 ft. = 75.4 ft. can be built oa
the building slip.

-
——

o=

The dimensions of the hall are 551.0 ft. x 167.3 ft. = 111.5 ft.

fabatan]
[o——

Ventilation is obtained through two ventilation channelé,
respectively 14 exhaustors, which are fixed within the roof.

<
Fp—

v-61.847

101-71

101-75 . . o
Volkers .
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Uberdschtes Baudock bei der Amels-Werft in Makkum
- Harsa 1971, No. 21, p. 2096

Roofed Builéing Dack at Amels Shipyard, Makkum (Netherlands)

yard started a large program of modernization.

P
The first part.of this progrem was completed in November 1971.

conditions. The dock floor is situated 15.4 ft. below the
outside water level, so even ships vhich are nearly fullwv
fitted out, can be floatad up inside the hall,

2L LELEU OHLL L A%l -22 —— e W TaRT At @

The hooks of the overhead travelling hall cranes are 72.2 ft.
above the floor of the hall, respesctively 95.1 ft. above the

flocor of the building dock.

At both ends of tkhe hall there ere gliding doors with a clear
width of 60.7 ft. instalied. The doors are driven electrically
and tele-controlled.

Above the sliding doors, which reach up to the crane track,
there are wing doors installed. When these wing doors are
opened, the overhead travelling crames can roll out of the
hall on crane tracks nearly 45.9 ft.

The hall is illuminated by 125 mercury vapour lamps of 1000 watt
each and through plilastic windows of 21.3 ft. breadth in the walls.

P o A 2 -

Ventilators are i

n -he hall. The hail
can be heated in the winter.

TN A e

101-71
101-76
Volkers
Reg. (2)
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Binnenschifibau in der Halle

- Schiff und Hafen 1972, No. 4, p. 247 = 249

Building of River Vesssls ingide Halls
(English Summary)

Sn March 11, 1972, the Linz Shipyard (Austria) put into
service a new shipbuilding hall (see plen, Hall No. IV).

There were geveral reasons for building the hall and
altoringﬂthe conventional procedure of shipbuilding:

« Shipbuilding should be accomplished without
the influence of adverse weather conditions.
It is very difficult to obtain qualified work-
men who are willing to do the hard shipbuilding
Job in umprotected open zir space.

- Increasing building costs should be stopped
as far as possible by more productivity.

« There should be nmo uncertainty im work plamning,
which 18 very often the result of adverse weather
conditions.

-« Better quality of work should be achieved.

~ The conditions of cowmpetition should be improved.

Technical data of the shipbuilding hall:

Dimensions: )
Length: 328.0 ft; breadth: 114.8 £t; height: 78.7 f£t.

Cranes: Two overhead travelling cranes of 40/10 ¢ each,
one crane of 10 t. Height of cranc heok: #6.6 ft.

BATLELEE INSERIO T8V, FRANKIURT AN MALSN
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8liding doors:

Dimensions: .

west doors: 39.4 ft. x 3.8 £t} 39.4 f£t. x 51.2 ft.
east dcor: 23.0 ft. x 52.53 f£t.

Heating: 20 air heating devices of 353,149 cu. ft./hour.

The dimensions of the halls allow to build two river vessels
of European type (Europa-Type) (278.8 ft. x 31.2 ft.) side
by side.

The. ships are completely outfitted in the hall and then
brought o6ut by rail cars.

v-61.847
101-71
101-76
VYVolkers
(Reg. 2)
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Figure I-1 | Lightweight canvas-covered portable shelter supported on rubber tired wheels.
These unique wheeled buildings are manufactured by Josef Wirtz and Co. GmbH in Germany
and have seen use in European shipyards.
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Figure 1-2 _ A movable hall, supported on wheels. These wheeled buildings may kave sheet

metal or canvas sides ur ends, or be open as shown.
and Co.

They are mamifactured by Josef Wirtz

GmbH, Germany and have been used in European Shipyards and corstruction industry.
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Figure I-3 - An example of the use of hoarding panels

n Germany. Note the access for materials delivery.

Carl Nolte, Germany
is translucent.

is the patentee of this particular

for weather protection in heavy construction
These are called CENO plastic tilts and
system. The fabric is reinforced PVC and




APPENDI X J

DESCRI PTI ON OF THE STANDARD SHI PYARD

Gener al

The productivity nodels were applied to a hypothetical
“Standard” shipyard to obtain estimates of the cost effectiveness
of various categories of weather protective structures. The
purpose of the standard shipyard was to provide a yardstick
agai nst which anticipated benefits of this and other R&D prograns
could be measured. The standard shipyard description was provided
by J. J. McMillen Associates as a part of a study on "Ship
i "roductivity - Determnation of Task Priorities." |t describes
both a "standard" shipyard and a “standard” ship.

The standard ship is a “Panamax” type of tanker with an
overall length of 820 feet, a breadth of 105 ft, a depth of 60 ft
and a displacenent of 91,250 tons. CQher particulars of the
ship and its construction which are pertinent to this study are
shown in tables in the follow ng sections.

It should be pointed out that the “standard” shipyard is
entirely synthetic having been created from a nunber of basic
production requirenents constrained by a nunber of typica
environmental factors; although it is intended to be a standard
United States shipyard, rather than a foreign one, any resem
bl ance to any ot her shipyard, whether existing or defunct, is
purely coincidental. It should be kept in mnd that it is a
tool for conparative analyses and is not intended to be an

"optinuni' shipyard.



The descriptions of the standard ship and the shipyard
which follow are extracted fromthe J. J. McMillen Associates
report.

The Standard Ship

The principal particulars of the standard ship, a "Panamax"
tanker, are given in Table J-1. It is a traditionally high quality,
subsi di zed construction vessel built to American Bureau of
Shipping rules and confornming to all the usual requirenents for
U S flag operation.

A sinplified breakdown of construction cost is presented in

Table J-2 and expanded in Table J-3. Both of these exhibits display
the elements of cost as percentages of the total: Table 5 converts
the detailed data of Table J-3 to dollars, assuming that the tota

price for one ship in a continuous series is $26,750,000 in md-
1973.

The wei ght breakdown of the seven steel classifications has

been derived separately and is shown in Table J-5.

The Standard Shi pyard

In formulating the standard shipyard, it was assuned that
t he standard shipyard, although built before World War 11, has
moderni zed its facilities to the fullest extent possible given
its geographical and structural limtations.

It was al so assunmed that the shipyard has an annual stee

t hroughput of approxi mately 40,000 tons, equivalent to three
standard ships a year.

J-2
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Table J-1

DESIGN FEATURES OF A STANDARD 75,000 DWT TANKER

Length Overall
Length B.P.
Breadth

Depth

Draft, full load

Steel weight, tons
Outfit weight, tons
Machinery weight, tons
Lightship, tons
Deadweight, tons
Displacement, tons

Machinery

SHP

Propellers

Speed, design, knots
Bunkers, tons
Endurance, miles
Pumps

Pump size, GPHM

Cargo tanks
Accommodation
Classification
Registry

Crew

820* - o"
780 - O“
105* - o"
60t - O"
45% - Q"

75,000
91,250

Geared sSteam turbine
20,000
.- 1
16
5,000
15,000
3
6,500



Direct Muterial

Total Direct Cost
| ndirect
Engi neering

Construction Cost

over head

Total Cost
Profit

Total Price

TOTAL PRICE BREAKDOWN

(Simplified)

/. 26.31 %
50.00

76.31
Y 5,26

2.63

84,20

15.80

100. 00

12. 63

112. 63

J-4
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Table J-3
TOTAL PRI CE BREAKDOMN

tarle ) ) _
DESCRI PTI ON MATERIAL LABOR
—_— - s 3
Shell Plating - 5,31 4,25
Bul kheads and Pillars 4.56 3.08
Franmes 6.64 5.14
Deck Plating and Beans 4.24 2.05
Superstructure .55 1.55
Foundat i ons .14 .85
Casti ngs y .70 .21
Total Steel 22.14 17.13
Masts and Rigging : .09 . .05
Hat ch Covers and Beans oo -
Anchors, Cables and Hawsers «75 .03
Hul | Attachments and Joi nerwork 3.05 .71
Cenerators and Distribution - 2.15 .97
Reefer and Air Conditioning «30 .07
Deck Auxiliaries 2,15 .19
Navi gation and Steward' s Qutfit ) .45 .16
Hul |~ Pl umbi ng T 3.65 1.86
Ventil ation <40 T «47
Pai nt _ 2.5 2.35
Total Qutfit 15,50 6.86
Mai n Engi ne and Shafting 5.08 .23
Boi l ers, Fuel and Steam Systens T 4,76 1.51
Punps and Conpressors 1.5¢6 .07
Engi neroom_Qutfit _ .96 .51
Total Machinery . 12.36 2,32
Total Labc- . 26,31
Total Material ) 50.50
Total Direct Cost ) —76.31
I ndi rect 5.26
Engineering 2.63
Construction Cost “gd.30
Depreci ation 2.1k
Fringe Benefits 6.32
O her 7.37 .
Total Over head - 15.80
Tot al Cost 0.
Profit 12.63
Total Price 112,63

J=5



Table J-4

TOTAL PRI CE BREAKDOWN

DESCRI PTI ON HATE;{IAL LA!;OR
Shell Plating 1,262,500 1,010,000
Bul kheads and Pillars 1,085,000 732,500
Franmes 1,577,500 1,220,000
Deck Plating and Beans 1,007,500 487,500
Superstructure ’ 130,000 * 367,500
Foundat i ons 32,500 202,500
Casti ngs 165r000 50,000
Total Steel 5,260,000 4,070,000
Mast and Ri ggi ng 22,500 12,500
Hat ch Covers and Be.ns - -
Anchors, Cabl es and Hawsers 177,500 7,500
Hul I Attachments and Joi nerwork 725,000 167,500
CGenerators and Distribution 510,000 230,000
Reefer and Air Conditioning 70,000 17,500
Deck Auxiliaries 510,000 45,000
Navi gation and Steward’ s Qutfit 107,500 37,500
Hul | ~Pl unbi ng 867,500 442,500
Ventilation 95,000 112,500
Pai nt - 595,000 557,500
Total Qutfit ,680,0 1,630,600
Mai n Engi ne and Shafting 1,207,500 ,000
Boi |l ers, Fuel and Steam Systens 1,130,000 357,500
Punps and Conpressors 370,000 17,500
Engi neroom Qutfit 227,500 120,000
Total Machinery 2,935,000 550,000
Total Labor 6,250,000
Total Materi al 21,875,000
Total Direct Cost 18,125,000
| ndirect 1,250,000
Engi neeri ng 625, 000
Construction Cost 20,000, 000
Depr eci ation 509, 000
Fringe Benefits 1, 500, 000
O her 1,750, 000
Total Overhead 3, 750, 000
Total cost 23,750, 000
Profit 3,000, 000
Total Price $26, 750, 000

J=-6



Shel | plating

Bul kheads and pillars
Frames

Deck plating and beans
Superstructure
Foundat i ons

Casti ngs

Table J-5

STEELWEI GHT _ BREAKDOWN

J-7

'i‘ONS )
3,375
2,862
3,888
2,660
500
108
107
13, 500



The direct labor requirements of this rate of production are
given in Table 3-6. The direct labor costs in dollars from Table J-4
have been converted into manhours using an average rate of $4.60,
the projected average hourly rate for the United States ship-
building industry at md-1973, and the results have been nulti-
plied by three to reflect the assumed output of three ships a
year. In the second colum, these manhours have been expressed
as a percentage of total direct l[abor manhours~ and in the third
colum they have been divided by 2000 to arrive at the equival ent
nunber of direct |abor enployees required. The total in this
colum shows an average direct |abor requirement of 2038 workers.

The required direct |abor workforce shown in Table J-6 is
presented again in Table J-7 in such a way as to denonstrate the
distribution of manpower both by function and work |ocation.

It was further assuned that the standard shipyard is engaged
in merchant ship construction only and all,naval and repair work
is contained within a separate and distinct organization.

Al though virtually all United States shipyards are involved
simul taneously in both nerchant and naval shipbuilding and ship-
repairing, the inpacts of cost reduction tasks on comrercia
ship costs can only be effectively evaluated if those costs are
isolated from the shipyard's other activities. The inplication
of this assunption for the definition of the standard shipyard
is that the labor force is perfectly balanced and fully occupi ed,
a condition that can only be true in a shipyard building a single
Product, a standard ship, since variations in product mx

inevitably result in variations in |abor function requirements.



Table J-6
LABOR REQUI REMENTS

Annual Direct ¢t of Total Equivalent
Labor Direct § of
CLASSI FI CATI ON Hanhours Labor Men
She“} Plati ng _ 658,700 16,2 329
Bul kheads and@ Pillars 477,700 11.7 239
Frames . 785,600 19,5 398
Deck Plating and Beams 217,900 7.8 159
Superstructure 239,700 5.9 120
Foundat i ons 132,100 T 3.2 66
Castings 32,600 . .8 16
Total Steel 55e, ®5.1 T, 327
Masts and Rigging 8,200 2 4
Hat ch Coversggnd Beans - — -
Anchors, Cables and Hawsers 4,900 “ .1 2
R A TR
nerators an 150,000 3.7 75
Ree?er and Air Condi tioning 11,400 .3 6
Deck Auxiliaries 29,300 «7 15
Navigation and Stewards Outfig 24,400 - o 12
Hull Plumbing . - 288,500 7.1 144
Ventilation . 73,400 1.8 37
Paint ) 363,600 8.9 182
Total Outfit . . TTR6.Y 532
Main Engine and Shafting 35,900 . 9 : 1g
Boilers, Fuel and Steam Systenms 233,100 5.7 116
Pumps and Compressors ’ 11,400 3 6
Enginercom Outfit . ‘78,300 1.9 39
Total Machinery 58, 2.8 179

TOTAL 4,076,060 109.9 2,038

J-9
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Table J-7

DIRECT LABOR DISTRIBUTION

R ocation | Steel Steel Departmental | Machinery OQutfitting
* Fabrication & |Assemby Shops Shops Assembly |(Shipway Wharf Totals
.Function Related Shops ]| and Areas Shops .
Steelwork 200 400 - 7 700 20 1327
Electrical —— 10 8 2 35 20 B
Piping 4 20 74 8 24 14 134
Sheetmetal ) ‘ )
——— 10 14 2 20 4 50
Joinerwork —— ———— 10 - 15 20 45
Painting 4 40 4 - 110 24 182
Machinery —— 20 12 40 48 59 179
Other‘ - um s - e ne 4 . - 20 12 36
Totals 208 500 126 59 972 173 2038
i
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The support workforce required by a standard shipyard
with a direct |abor workforce of 2038 was defined as 458
additional enployees (for a total of 2496).

This proportion represents the position of the standard
shipyard as an approxi mately average yard in the spectrum of
United States shipbuilding. [Indirect, engineering and over-
heads, which include the cost of the support workforce are

shown in Table J-8

Facilities and Production Processes in the Standard Shipyard

Steel arrives”by rail and is unloaded and sorted by a
gantry magnet crane in a stockyard of about 60,000 square feet,
enpl oying a horizontal storage and having a capacity for one
shipset of steel. The standard plate size is 45 feet by 10
feet, although the nmaxinum could be 48 by 12. This standard
size is directly related to the design of the standard ship,

45 feet being one half of the tank length, and hence to the
panel construction nethod.

The steel is fed by convejor, via a surface preparation
line involving the usual cleaning, nmangling, blasting, painting
and drying processes, into a fabrication shop of about 40,000
square ieet, divided into four bays, equi pped for sections,
flat panel material, shaped panel material and the remainder
The fabrication shop is equipped with the conventional cold
form ng machi nery, tenplate-controlled, and autonatic burning
machi nery, optically-controlled. There is no nunerical control

An overhead crane of 15 tons spans each bay.

J-11
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Table J-8 INDIRECT, ENGIHEERING ANU OVERHEAD CoStS
(MARAD GROUPINGS)
% of Costs Cost Equivalent
) . in S, ¢ of Men
Indirect Costs
nsuraace and bond premia, fees fo:'classificxtion
erd testing, royalties of a genexal nature. «26 $ 187,500, -
Drycdocking, lauaching trixls and delivery costs,
incluéing supplies, catering, trials personnel, pilots.
tugs, calibration. etc, ‘W79 562,500 -
iiscellaneous labor for ship cleaning, toolrcoms,
watch-en, raterials handling, supervision, industrial :
engineering functions. 2.63 $1,875,000, - 200
Sunéry other items, including travel, temporary
services, weather protection, firxe prxevention,gasfree=- :
ing and analysis, photography. - 1,58 $1,125,000: ° 20
9.460 $3,720,000 220
Encineering Costs
Crawings, calculations, yard liaison, purchase
recuisitions, tests, microfilming, model testing, out-
sida professional services.. *
*TTEL63 - $1,875,000 80
Overhead Costs .
Cezreciation, insurance and taxes. 2,12 $1,500,000, -
Maintenance and repair of all property, buildings,
rachinery and equipment, fixed or portable. 2.11 $1,500,000; 18
tages and salaries of all other personnel, includ- .
ing management, departmental supervision, clerxical staff,
maintencnce personnel, crane operators, storekeepers,
c¢érivers,procduction planning, welfare serxvices and admin-
istration. 2.63 $1,875,000, 100
Supplies of services and maintenance and adminis- *
trative reguirements. 1.58 $1,125.000{ -
Fringe benefits, including vacation and holiday
pay, bonuses, socxal security, life insurance, uncmploy=
rent tax, workmen's compension, sick benefits, excused
sime, etc. " 6432 $4,500,000 -
Hiscellaneous other costs, including accidents, .
losses, welfare, travel, R and D,estimating, advertising,
esc. 1.05 s 750" 000» 40
) 15,80 $1L,250,000. 158
Total indirect, engineering and overhead:
23.69 $16,875,000 458
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The section and flat panel material bays lead into a flat
panel assenbly shop of about 20,000 square feet, featuring eight
wor king areas, of 2,500 square feet each, for the construction of
flat panels of plating with associated |ongitudinal and transverse
fram ng, up to a maxi num size of 48 feet by 30 feet, and averaging
60 tons each. Welding is sem-automatic, both of plate-butts and
of stiffening, and material is nmoved and positioned using three
overhead cranes, two of 75 tons and one of 15 tons. Average panel
construction tine is four to five days. The other two fabrication
bays lead into a shaped panel assenbly shop, also of about 20,000
square feet, where working areas are laid out as required for the
nore conpl ex shaped panels. Wlding is senm-automatic or manua
and material is noved and positioned by neans of simlar cranage
to the flat panel shop. Average panel construction time is eight
to ten days.

All completed steel assenblies are moved outside to a paint
shop where welds are cleaned and painted and then to storage areas
or directly to the shipways: nulti-wheel heavy-load transporters
are used for these movenents

Machi nery and outfit materials are received both by road and
by rail and held in conventional warehousing and other storage
areas until required. Mchinery and outfit “work packages” are
put together in-various shops, nostly of an earlier generation
and delivered to work stations by truck or forklift. “These packages
are normally but not necessarily trade-oriented: they may include
material for several different operations planned to take place in
the same work place. Limted panel outfitting takes place in the

J-13



steel assenmbly shops, being confined to the fitting of attachnents
for piping, cable trays and ventilation ducting.

Ship erection is carried out on one of tw shipways, starting
with stern panels and working forward and upward. Each shipway
is big enough for the standard ship with a working margin of five
feet on each side and thirty feet on the length but no nore. Each

is served by four whirley cranes:

- two of 50 tons max. lift at 75 feet mmx. outreach
- one of 35 tons max. lift at 75 feet max. outreach
- one of 25 tons max. lift at 75 feet max. outreach
as shown in the sketch presented as Figure J-1. Average erection

time is eight nonths at an average work rate of approxinately on:
panel per day.
After launching.aunching, each ship is moved to a single outfit wharf

where its stay averages four nonths.

J-14
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Qut door Operations in the Standard Shipyard

The indoor operations and facilities and the outdoor shipways are
described in the preceding pages.

The approxi mte uses and areas for outdoor operations which could be
covered for weather protection were assumed to be in the ranges shown bel ow

Description Area
Steel stockyard operation 60, 000 sq.ft.
Machinery and outfit storage As required

areas for bulky item
of a non-weather-sensitive

nature

O eaning and paintin?.of vel ds 10,000 Sq.ft.
on steel assenblies m ni mum

Panel storage (or nodule assembly, 20,000 Sq.ft.
if desired) with associated mninm up to
pre-outf|tt|n% (if not conpleted 80,000 sq.ft.
In the assenbly shop) or further

pre-outfitting follow ng nudule
assembly including fitting of as
many of the following items as
seens appropriate to the shipyard
managenent :

i pes
vaFves and other pi pefittngs
ventilation ducts
cable trays
cable runs
doors
manhol es
skyli.ghts
hull openings

heating coils

interior painting

exterior painting

machi nery room outfit
acconmodation fitting to the
extent that it is possible.
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DI RECT LABCR DI STRIBUTION I N THE STANDARDS SHI PYARD

The distribution of direct labor in the standard shipyard by craft
and location is shown in Tables J-9 through J-11 for steel work, machinery

work and outfit work. This distribution was used in the productivity model.

J-17
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Table J-9
DIRECT LABOR DISTRIBUTION FOR STEEL WORK

ocation Steel Steel Machinery ‘
Fabrication & Assembly Shops | Departmental Assembly Shipway Qutfitting Totals
Function Related Shops & Areas Shops Shops Wharf
) a:80 . b:110 b:8
parners & a:60 160 {b:BO - a:4 287{c:177 30 {c:22 541
. . b:20 b:7
Blasters & 10432 b:10 - 0 25{c:5 '5{c:8 60
Painters : \
. . a:87 . b:113 b:6
Fitters a:107 187 € b:100 - a:2 285¢ 1172 | 25€¢:19 606
. a:18 a:20 . b:14 b:2
Riggers 20 {b:Z 40 €150 - a:l 39¢ .05 8¢ .6 108
Other Crafts a:3 b:3 - 0 b:4 c:2 12 -
TOTALS 200 400 - 7 640 80 1327

a. In the shop
b. Outside not protected from weather

C. " but u by ship structure
! MRS A S ety o
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Table J-10
DIRECT LABOR DISTRIBUTION FOR: MACHINERY WORK
Location Steel Steel Machinery
Fabrication & Assembly Shops | Departmental Assembly Shipway Outfitting Totals
Function Related Shops & Areas Shops Shops Wharf
Burners &
Welders b:1/c:1 c:6 8
Blasters &
Painters c:) c:3 4
o Fitters
[]
v
Riggers b:6/c:2 c:4 12
Other:
Pipefitters a:15 b:6/c:22 c:40 83 ]
Electricians - a:4 c:12 | c:2a 40
Machinists a:b b:8/c:4 c:6 24
Sheet Metal Wkrs, a1 c:2 c:5 8
TOTALS - - 20 6 65 88 179
a. In the shop
b. Outside not protected from weather
c. " " by ship structure
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Table J-11

DIRECT LABOR DISTRIBUTION FOR:

QUTFIT WORK

L.ocation Steel Steel Machinery
Fabrication & Assembly Shops| Departmental Assembly Shipway OQutfitting Totals
Function Related Shops & Areas Shops Shops Wharf
Burners &
Helders a4 a:8 b:10/c:30| b:18/c:36 106
Blasters &
Painters a:l a:l b:3/c:7 b:15/c:15 42
Fitters a2 a:b b:7/c:14 b:11/c:24 64
Riggers a:1 a:3 b:4/c:8 b:13/c:13 42
Other:
Pipefitters a:35 b:8/c:52 b:10/¢:30 135
Electricians a:6 b:1/c:9 h:6/c:62 B84
Machinists b:2 b:4 6
Sheet Metal Wkrs. a:13 c:4 b:2/c:34 53
TOTALS 6 16 58 - 159 293 832

a. In the shop
b. Outside not protected from weather

c.

but "
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by ship structure
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APPENDIX K

ANALYSIS OF COSTS FOR THE STANDARD SHIPYARD

COSTS AFFECTED BY LABOR PRODUCTIVITY

Lower labor productivity and lost time can increase shipbuilding costs
in several ways (TableK-1). The potential magnitude of these costs for the
standard shipyard are described and calculated in this section.

TABLE K-1. Increased Costs Caused by Lost Time or Lower Productivity

A. Shipyard capacity not fully realized.

1. Land is occupied longer than needed.

2. Building space is occupied longer than needed.

3. Equipment and facilities not used to capacity.

4. Inventory costs for work-in-process are higher.

5. Overhead cost allocated over a reduced production.

6. Extra capacity is reqguired to meet peak operating rates.
B. Unit labor costs increase.

1. Payments for idle time not worked.

2. Lower output/man-hour.

3. Reject and rework cost.

4. Premium pay for call-in or overtime.

The cost distribution for the standard shipyard was shown in Table J-6
and Table J-8, Appendix J. The total annual costs for the standard shipyard
are $80,210,000. The overhead costs were distributed into material-related,
labor-related, related to selling price, and fixed period costs as shown in
Tables K-2 and K~3. The costs related to selling price in Table K-3 were
redistributed proportionally to the other three. After this redisfribution.
the percentage breakdown of costs in the model shipyard were: labor-related,
37.4%; material-related, 54.2%; and fixed, 8.4%.

e



TABLE K-2.

Distribution of Indirect and Overhead Costs

Indirect Cost % of Costs Nature of Variability

Insurance & Bond Premium, etc. 0.26 Fixed percentage of selling price

Drydocking, etc. 0.79 Fixed percentage of selling price

Misc. Labor, etc. 2.63 1/2 Variable with direct labor cost - 1/2 fixed annual
Sundry Other Items, etc. 1.58 3/4 Fixed aanual expense - 1/4 to direct labor
Engineering Costs 2.63 Fixed percentage of selling price

Overhead Costs

Depreciation, etc. 2.1 Fixed annual expense (varies with capital investment)
Maintenance, etc. 2.1 Fixed annual expense (varies with capital investment)
Wages, etc. 2.63 Fixed percentage of selling price

Supplies, etc. 1.58 Fixed percentage of selling price

Fringe Benefits, etc. 6.32 Variable with direct labor cost

Misc. Other, etc. - 1.05 Fixed annual expense

Profit 12.63
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TABLE K-3. Distribution of Annual Costs in the Standard Shipyard

Construction Schedule = 3 ships 1 year

s S ot BN waes SN sona

Expense One Ship Three Ships %

. . Direct Labor 6,250,000 . 18,750,000 24
’ U Labor Burden 11,910,000 5,730,000 7
Direct Material 11,875,000 35,600,000 44

U Fixed Annual 1,840,000 5,520,000 7
Related to Selling Price _4,870,000 14,610,000 18

26,675,000 80,210,000 100

— = =

C

Only the labor-related costs, 37.4% of the annual shipyard costs, vary
directly with Tabor productivity. This percentage was used to determine the
minimum cost savings achieved through productivity gains. The minimum cost
does not include any extra provisions for hiring or training costs. The
maximum cost savings are derived from the elimination of overtime premium
pay and are calculated at 60% of the annual shipyard costs.

= =

Intermediate cost savings would result from an increase in the produc-
tion rate of the shipyard. Fixed costs per unit of production would be
reduced. Interest expense on working capital would be reduced since the
production scheduie would be shortened. The calculation below of interest
expense on working capital assumes reduction of four months coVering 90%
of the costs, since a large fraction of the costs, primarily for steel,
are committed early in the shipbuilding schedule.
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CALCULATIONS OF THE EFFECT OF LABOR PRODUCTIVITY ON SHIPBUILDING COSTS

Costs to regain lost productivity are calculated below for three
different assumptions. The typical shipyard experience is probably a
mixture of all these cases with some additional cost factors not
specifically included here.

Maximum Cost Case

1. If the productivity deficit is made up by overtime - assuming
minimum pay of time-and-one-half: then the increased cost to achieve the
required nutput would be 1-1/2 times the straight time labor-related costs,
or

T-productivity x 11/2 = 0.561 x 1-productivity

0.37% X ——productivity productivity

Since some premium pay would be at double time, we used 60% for the
maximum cost case.

For example, if the average annual productivity in the shipyard was
90% (0.90), then the maximum annual cost for regaining this lost
productivity through overtime would be:

0.60 x 1=50-90  « ¢80,210,000 = $5,350,000.

Minimum Cost Case

2. If the productivity deficit is made up with an increased work
force, then the annual increased cost for straight time pay only would be,
using the preceding example: ’

1-productivity _
0.374 x productivity % $80,210,000 = $3,330,000.

Intermediate Cost Case

3. If the productivity deficit results in a longer schedule (reduced
capacity), then the annual increased cost would be:

K-4
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a)

b)

d)

1-productivity
-084 x productivity (Fixed Cost)
A4 (3-productivity) _ 1 -
.90 * 77 % 0.12 x productivity .036 x —£2 (ggtﬁgﬁigng
Capital)

assuming 90% of the costs are committed for four less months
at 12% interest on working capital.

.374 x l%ﬂ - (Straight Time Labor Cost)
total = (.084 + .036 + .374) or 0.492 x ’—5—2

and the total dollar cost using the preceding examples would
be:

0.492 x 1= 0.9

O‘g

x $80,210,000 = $4,390,000
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APPENDIX L

LISTING OF THE COMPUTER PROGRAM FOR THE SHIPYARD
PRODUCTIVITY MODEL
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APPENDIX L

COMPUTER PROGRAM FOR THE SHIPYARD PRODUCTIVITY MODEL
The Program is Written in Fortran V for the UNIVAC 1108.

DEFINITION OF VARIABLES USED IN COMPUTER PROGRAM

PRODET RELATIVE PRODUCTIVITY FOR EFFECTIVE TEMPERATURE CATEGORIES

PRODAT RELATIVE PRODUCTIVITY FOR DRY BULB TEMPERATURE CATEGORIES
PRODWS RELATIVE PRODUCTIVITY FOR WIND CATEGORIES
PRODPR RELATIVE PRODUCTIVITY FOR PRECIPITATION CAGETORIES

FGP RELATIVE PRODUCTIVITY FOR FOG CATEGORIES
PRODSH RELATIVE PRODUCTIVITY FOR SHADE CATEGORIES
RTITIO RATIO CRAFTSMEN AT OTHER LOCATIONS TO OUTSIDE CRAFTSMEN OR SHOP

CRAFTSMEN TO IN-SHIP CRAFTSMEN
RAINPR - FRACTION SHIFT WORKED DURING PRECIPITATION PERIODS

NAM SHIPYARD LOCATION

DT DRY BULB TEMPERATURE CATEGORTES .

ET EFFECTIVE TEMPERATURE CATEGORIES -

WIND WIND VELOCITY CATEGORIES

SUN FRACTION OF SHIFT WITH SUNSHINE

FOG FRACTION OF SHIFT WITH FOG

PREC PRECIPITATION CATEGORIES

RH RELATIVE HUMIDITY CATEGORIES

PT CORRECTION OF EFFECTIVE TEMPERATURE FOR PAINTERS

EPROD AVERAGE ANNUAL PRODUCTIVITY FOR EFFECTIVE TEMPERATURE CATEGORIES
APROD AVERAGE ANNUAL PRODUCTIVITY FOR DRY BULB TEMPERATURE CATEGORIES
WPROD AVERAGE ANNUAL PRODUCTIVITY FOR WIND CONDITIONS

PRPROD AVERAGE ANNUAL PRODUCTIVITY FOR PRECIPITATION (RELATIVE HUMIDITY
FOR PAINTERS) CONDITIONS

FOGPR AVERAGE ANNUAL PRODUCTIVITY FOR FOG CONDITIONS

SUNPR AVERAGE ANNUAL PRODUCTIVITY FOR SUN CONDITIONS

GW IDEAL WEATHER OUTSIDE

AGW IDEAL WEATHER IN-SHIP

BGW EXCESS IDEAL WEATHER IN-SHIP OVER OUTSIDE

TPROD TOTAL ANNUAL PRODUCTIVITY FOR EACH TEMPERATURE™ CATEGORY
PCT DISTRIBUTION OF WORKMEN BETWEEN SHIFTS

ICRAFT NUMBER OF WORKMEN OF EACH CRAFT AT EACH LOCATION -

JCRAFT NUMBER OF WORKMEN OF EACH CRAFV AT EACH LOCATION ON EACH SHIFT

L CRAFT FRACTION OF TOTAL WORKMEN ON EACH SHIFT AND LOCATION

ADDER INCREASE 1IN PRODUCTIVITY ACHIEVABLE THROUGH TRANSFER OF CRAFTSMEN
TO OUTSIDE WORK DURING IDEAL WEATHER

SADDER INCREASE IN PRODUCTIVITY ACHIEVABLE THROUGH TRANSFER OF SHOP
CRAFTSMEN TO IN-SHIP WORK DURING IN-SHIP IDEAL WEATHER (SEE
DEFINITION FOR BGW)

SPRD AVERAGE SHIFT PRODUCTIVITY

TPRD AVERAGE CRAFT PRODUCTIVITY

L-1
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DTy

YARD
YARDT

TOPAY
ZPAY

TTPAY
YDPAY

APPENDIX L (contd)

AVERAGE PRODUCTIVITY AT EACH WORK LOCATION
AVERAGE ANNUAL SHIPYARD PRODUCTIVITY

VARIABLES ORIGINALLY USED FOR ANNUAL WAGE PAYMENT CALCULATIONS

RELATED TO TRANSFER AND PASS OUT CONDITIONS. THIS PART OF THE .

PROGRAM WAS DISCARDED WHEN THE VARIATION N WAGE PAYMENTS WAS ~

FOUND TO BE INSIGNIFICANT
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LISTING OF THE COMPUTER PROGRAM FOR THE SHIPYARD
PRODUCTIVITY MODEL

- 11T FR5 SHIPS&,SHIDS

DIMEMSION PRNANET(S48) +PRAODATIS«8)4sRITIO(S+3)

198N0%WS (235421 4PANIP(7 5441 4FP (5],

2PDODSHI2) +RAINPP (4 ) ¢MNAM{ R oDT{ 3981 eETI3e8)oWINDI393)oSUNI3)

IORTC(3 94 +RHL 321 43T 24L)4500ND(E4348)sAPRODIS5 93481 yWPROD(243593) 0

_4PRPRODI{29593)«FAGPRIS) s TUNPRI2+314GH I35 +sAGH(34519BGW( 3451,

205

STPROD(335+3+81+PLT(3) s ICRAFT(593 )10 JCRAFT (59393 1eDCRAFTI5452431)
6ADD”?(305)’SADDFR(305)v\pRD(3v5’3)!TPRD(3t5)’YARD(3)'TopAY(395’3)
TeZPAY(445) s TTPAY(345) ¢ YDPAY(3)

SUN(3)1=060

DATA((PRODET(T «J) 0J=148) 91=1e51 7 0305600759092 016¢9e849448301504
1750652 979520100067 F 068800154025 405500759e9291¢00849¢539620v025445
310070307241 02636065330206234655307510979109¢849653962/ -
DATA((?QOnAT(IOJ)0J=108, OI=105) /3%NeseTrle 00790048l015,030-560.75
190241 09e¢7430839¢1903906564067590699103079064800155033e5620754092910007
299049561590 390569e759¢920100e7996489015/

NATA PRONWS /10#) 49067 ¢10%0891 00391000901 cee9591e900¢se8relve82e15,
1.“'.2'.80.“'.3/

DATA PRODPR /10%#]1692%0e9689109¢951162¢9591¢969501093%0¢9¢9590e85949
150085|.°59-9,¢9503*“o9-8|o4yo8004008v05v08/

DATA (FGP(J)eJ=195) /2%1e92%.591a/ BN

DATA (PRODSHIL) +L=12) Ze7 995/

DATA(RAINPR(IVsI=194) / 1e09140948754+4875 /

FORMAT (16F5,0)

206 FORMAT 112F11.3)
207 CORVUAT (BA5S432X)
3 REAN 2905 (NAM{T)91=148)

PRINT 210s (NAM(])s1=1+8)

IL=-2

DO 20 [=1.3

READ 205+ (DT(19J)eJ=148)

IF (DT (1+5) oLT o001} GO TO 999

PRINT 2069 (DT{I+J)sJ=1+8)

READ 205+ (ET(1sJ}sJ=1+8)

PRINT 206+{ET(IsJ)sJ=1+8)

READ 2050 ({(WIND(I+J)eJ=1931+(PREC{IsJ)eJ=194)s(RH(IsJS)esJ=1+2))
PRINT 206s ((WIND(I»J)0eJ=193)s(PREC(IsJY9J=194)o(RH(IcJIeI=1+2))
RFAD  2NS54(PT(TsJ1eJ=1s4)

PRINT 206+ (PT{IsJ}sI=104)

IF (I.GTel) GO TO 29

READ 2n5s SUN(1)+SUN(2)+FOG

PRIMNT 206s SUN(1)sSUN(2)+FOG

29 CONTINUE .
21 CONTINUE -

IF({ILsGESO) PQINT 847

847 FORMAT (* THIS MODEL DOES NOT PERMIT TRANSFER BETWEEN LOCATICNS'

o ek M e AT A e C R O e A o e ~ - P - P e i e awe

TEMPERATURE PRODUCTIVITY CALCULATIONS
DO 52 L=1s2
DO 50 J=1+5

- o i arnd b 370
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NO 4N X=x1e3
HPRON(L e JeX )=N,
PRPRADILsJeK)1=Ne
CHECK=RH(K 1) +RH(K+2)
IF (CHECKeGTele0lsOReCHECKeLToeI9IPRINT 803K oeKoK
CHECLK=3, .
CHECL=0,
DO 30 I=1,8
PC =0
CHECK=CHECK+ET (K1}
CHECL=CHECL +DT (K1)
!F(J.EO.I.AND.I-LE.6)9C=°T(KoI)
EPROD(JsX o I1)=PRODETIJ« 11 #(ET(Ks1)~PC)
ADROD (J4K o I 1=PRCDAT(Js 11 %¥DTIKo1)
30 COMTINUE
210 FORMAT (31592F1043)
IF (CHECKeGTel1c01eOReCHECKsLToe9F)IPRINT 803 +sLsJsK

e =y TR poe iy

-y

IF (CHECLeGTe1le01s0RsCHECL &LT4o9GIPRINT 803|L0J0K o L]

803 FCRMAT (* ERROR IN SUM CHECK!' 315} - -
CHECK=0e .- .
CHECL=0, .J ;

C WIND PRODUCTIVITY CALCULATIONS l
NO 35 (=13

CHFCK=CHECK+WIND(Ko 1}

35 WDROD(LoJoK)'NPROD(L.JoK)+(0QODW<(LonI)‘HINU(KfI))
IF (CHECKeGTole01aOReCHECKLTeeFFIPRINT 802 oL sJsK

c PRECIPITATION AND HUMIDITY PRODUCTIVITY CALCULATIONS

IF (JeEQel) GN TO.41
D0 36 I=1+4
CHECL=CHECL+PREC(K»s 1}
IF (PRODPR(LsJs116EQee0) GO TO 37
PRPRODIL+J oK) =PRPROD (L ¢ J 9K ) +PRECIK o [ 1#PRODPR(L. oS¢ 1) #RAINPR{ ]}
GO TO 39

37 PRPROD(LeJeK)=PRPROD(LsJsKI}+PRECIK s I}#e075

39 CONTINUE

[_ -ry
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36 CONTINUE -
IF (CHECLeGTeloCloOReCHECLOLTeo99IPRINT B03sLoJeK ;{
GU TD 42 iJ

41 PRPROD(LsJs¥1=PRPROD(LsJsK)I+{1e9RH(K91}+RH(K92)%.075)
42 CONTINUE
Cc IDEAL WFATHER OUTSIDE
GWIKeJI=ETIKs5)2WIND(Ke11#PRECIK+1)
IF (JeEQalIGHWIKeJ}=GH (Ko JI2RH(Ks1)}/PRECIK,1) . )
IF (JeEQe3e0ReJEQe4) GH(K.J)=GH(K9J)‘(1-FOG) .
C FOG AND SHACE EFFECTS R
SUMPRIL K)¥=1,NN%(1~ SUN(K))+PROD§H(L’“<UN(K! : . i
C IDFAL WEATHER IN SHIP 1
AGW(KeJ1= “T(Ko5)*(WIND(V01)+NIND(K'21)‘(PREC(K01)+PREC(KQZ$) - - :
IF (JeEQel) AGWIKoJ)SAGW (Ko JI#RH{K 11/ (PREC(K1)+PREC({K+2})) N H .
IF (JeEQe3s0ReJeEQaL) AGWIKeJISAGH(KeJ1#(11~FOG) o
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| ORANI Yy ) =AGR (K s J) =GN (K e )
40 CONTINIE
FOGDR(J)=1000'(1—F06)+FGP(J)’FOG
€0 CONMTINUE
52 CONTINYE
TOTAL PRODUCTIVITY CALCULATIONS
NATA (PCT (K) o K = 143) /7 o 65, & 309 o 05/
KTOTAL = 2138 ’
DATA ((ICRAFT (Jelly J = 145)e L = 1,43) 7/ 60s 227,
v 161e 237, 57, 25, 272, 589 229, 308s 7 156,
743e 204, 87
00 90 L = 1,3
DO 9" J = 1,5
ZPAY (LeJY=9,
TORD(LsJY=0,
DO 90 K = 1,3
N0 89 [=1,8
SC=1.
IF (1eGEa6) SC=SUNPRIL+K)
IF  (LeEQe2) 6O TO 80
IF (LeEQ.3) GO TO 82

OUTSIDE PRODUCTIVITY

TPROD (LsJsKel) = EOROD (JeKe] ) & WPROD (LsJeK) # PRPROD (LeJeK)
1#FJ3GPR{UY#SC -

GO T0 88

INSIDE PRONUCTIVITY
80 CONTINUE

TPROD (LousKel} = APROD (JeKel} * WPROD (LsJsK) # PRPROD (LeJeK) #

1FOGPR( Jy#SC
GO TO 88
R2 TPROD (LaJeXeI)=1e8DT(Kel}
B8 CONTINUE
CYOT‘CTOT*TPROD(LQJ,KoI’
89 CONTINUE
PRINT 12+CTOTslsJsk
CTOT=n,
12 FORMAT (* TOTAL PRODUCTIVITY IS*F7e3st AT LOCATION'I3,¢ FOR CRAFT*
113¢% AND SHIFTII3)
DISTRIBUTION OF WORKERS
JCRAFT (JsLsK) = ICRAFT (Jsl) # PCT (K} + o5
DCRAFT (JslsK) =FLOAT( JCRAFT (JeLeK)y)/ FLOAT(KTOTAL)
90 CONTINUE
IDEAL WEATHER ADDER
DO 111 J = 1,5
RTTIO (J92) =FLOA7‘ICRAF1‘J'3)),FLOAT‘ICRAFT(J'Z) )
111 RTTIO (Jsl) =FLOATII CRAFT (Js 2} + I CRAFT (Je3))/ FLOAT(ICRAFT (
1Js11)
YARDT=0,
DO 188 LY= 1,3
Le=LY




YARD (L) =0
YDPAY{L}=0.

00 187 J = 145
TTPAY(L+J) =04

NO 186 K = 143
SPRO(LsJeK) =0, :
IF (LeGEe2) GO TO 183

C TH1S STATEMENT PROHIBITS TRANSFERS BETWEEN LOCATIONS

127

128

183
185
313
186

273

917

IF(ILeGELO) GO TO 183

NO 128 1=1+8

IF (JeGTel) GO TO 127

PAINT = RH (Ke2) ®(7%#(ICRAFT(Js11+ICRAFT(J92)1)/ICRAFT(Js3)
TPROD (3¢19Kel) = TPROD (3eleKel)¥(1+ PAINT }
CONMT INUE ’

IF (JeNEe2) GO TO 128

WELD = (PREC(K+3) + PRECIKeL))*(+TH*ICRAFT(J91))I/ICRAFT(J92)
TPROD (292+Ks1) = TPROD (292+Ks1)#{1+WELD)

CONT INUE .

ADNER (Ke J) = GW (Ky J) # (RTTIO (Jsl))

TPROD (1+J9Ks51) TPRED (19JeKeS) +ADDER (Ko J}
TPROND (29JeKs5) TPROD (29J9Ke5)1=-GW(KaJ}

TPROD (39J9Ks5! TPROD (34J2Ke5=GW(KeJ)

IN SHIP ADDFRR

SADDER (KsJ) = BGHW (KeJ} # { RTTIO (Js2)) .

TPROD (2+J9Ke51 = TPROD (2eJeKe5) + SADDER (KeJ}

TPROD (39JsKe5) = TPROD (3eJeKe5) = BGW (KsJ}

CONT INUE

DO 185 | = 1,8

SPRD (LeJsK) = SPRD (LeJeK}) + TPROD (LeJsKeD)

ORINT 312y Ls Je Ky SPRD (L 474K}

FORMAT ( * TCTAL SHIFT PRODUCTIVITY® 315 F 10.3)

TPRD (LeJ) = TPRD (LeJ) + SPRD (LeJeK}#PCTI(K)
IF (TPRDtLsJ}oGTel) GO TO 273

GO TH 274

XY=TPRD(LeJ)~1,

ZPAY (L J)=ZPAY(L s J)=XY

Ll=L+1

IF (LLJEQe&) LL=1

IF (TPRD(LLsJ)cEGelse) LL=LL41
PY={XY®#ICRAFT(JoL})/ICRAFT(JeLL)
ZPAY(LL 9 J)=ZPAY(LL o J) +PY

TPRD(LsJI=1,

TPRDUILL o J)=TPRDILL ¢ J) +PY

ORINT 917eXYsLsLL sPY

FORMAT (F743+*EXCESS PRODUCTIVITY TRANSFERRED FROM LOCATXON'I39'
1FQUIVALENT PRODUCTIVITY GAIN ATS$[34¢ [STF7.3)

IF (TPRD(LLesJ)eLEele) GO TO 274

XY=TPRD(LLeJ} =16 .-
ZPAY({LL9JY=ZPAY(LLsJ)=XY
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274

314
187

315
188

316

319

591

595

592

757

609
596
593

TPRD(LLs.JV=10

LO=LL+]

IF (LQ.ECesy LN=1
PY={XY#[CRAFT(JsLLY I/ ICRUFT(JWLOY}

TERD (LN JI=TOID(L T JI+PY

ZOAY (LR JI=2PAY (LG, J)+2Y

PRINT 917 eXYsLLsLTePY

CONT [ NUF .

DOINT 314y Le Js TPRD (L oJ)

FORMAT (¢ CRAFT PRODUCTIVITY? 215 » F10.3)
YARD (L) = YARD ‘tL) +(TPRD (LsJ} *#ICRAFT(JsL})}/XTOTAL
PRINT 315+ Le YARID (L)

FORMAT (/' LOCATION' [5¢ F10e3)

VARDT = YARCT + YaARD (L) .

DRINT 316s YARDTs (MAM (J)e I = 1.8)
FORMAT (/' YARD PRODUCTIVITYts F 10e3s 5X9 BAG)
RX=21le~YARDT

CX=8X/YARDT

DX=ze374%CX

PRINT 319,DX .
FORMAT (' EXCESS STRAIGHT TIME LABOR COST!4F6e3}
tL=IL+1

IF (ILeGEe7) GO TO 599

IF({1LeENeO) GO TO 21

GO TO (59.:573+5949592+6014611)s1L
PRONDSH{11=~1,

PRODSHI21=1¢

PRINT 595 :

FARMAT (¢ PRODUCTIVITY WITH SHADF PROVINED®)
GO TN 21

NO 757 L=1,2

PO 757 J=145

NN 757 K=142

PRODWS(LsJsK)=1e

CONTINUE

PRODET(1+1)=00

PRODET(1+2}=0¢

PRODET(1¢31=00

ORODET(1s&41=67

DO 609 K=193

DO 609 1=1,8

IF (TelLEes) PT(Ks11=04

ET(Ks11=DT(Ks )

PRINT 596 -

FORMAT (' PRODUCTIVITY WITH WIND PROTECTION'}
GO TO 21

DO 758 L=1+2
DO 758 J=1+5
DO 758 K=lsé




PRONPR(LeJsK)=1e
758 COMNTINUE
RAINPR({3)1=1,
DAINPR{LYI=1.
PRINT 597
§97 FORMAT (' PRODUCTIVITY WITH RAIN PROTECTICN'}
GO TO 21
594 COMTINUE .
DO 602 K=143
RH(Kslli=1le
602 PH{K+2)=0»
PRINT 598
5§98 FORMAT (¢ PRODUCTIVITY WITH DEHUMIDIFIERS}
GO TO 21
601 N0 604 J=145
N 614 16,48
ORONET(JeT)=10
604 PRODAT (Jeli=1le
PRINT 606
606 FORMAT (* PRODUCTIVITY WITH COOLING PROVIDED? )
GO T0 21
611 DO 613 J=1,5
DO 613 I=1+4
PRODET(Jel)=10
PRCDOAT(Je1 1210
613 CONTINUE
DRINT 615
615 FORMLT (¢ PRODUCTIVITY WITH HEATING PROVIDED )
G0 TO 21
599 CONTINUE
GO 10 3
9969 CONTINUE
STOP
END
¢ XOT SHIPS
SAN DIEGO
«0 oD o0 o001 963 ¢033 003 o0
o0 o0 e0 oN18 L9046 o033 4002 0
086384135040025 «983 4036 oNOT 0046966240138
.o .0 .o .0
¢8626542750 o01
o0 o0 N o0 4986 o013 o0 o0
0 0 o0 4016 971 013 0 o0
09638.0350,0nN13 o981 2006 +010 «005+9512,0488
0 0 «0 o0
N o0 o0 o0 ¢991 o008 o0 0
0 e0 2001 ¢018 «973 o008 «0 «0
©9800¢0200,0013 «975 «009 o013 2003.8275,1725
.o .o .o .Ao
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* XQT SHIPS

PHILADFLPHTA

e 4721 4170
eN19 4105 o144
e618843513,9175
0019 NT7G 4N52
0427541925 401
o) 4NIT o264
216 o4"96 4150
078425 4247540100
eN16 ¢"73 LN55
of) oN13 4N4B
eN1l N71 (145
eB818241788,0763
eV11 N5 «NS53

0167
«150
«935
«012

0172
«158
«929
o015
e171
«158
«927
eN19

«629
«4?3
«018

659
k93
«020

«719
«555
eC20

«N97
« 093
e 036

2077
e 077
«037

o 046
e NLb
«029

¢017 000
«016 000

¢011.506240938

«011 o0
onlln «0
«C14,8800.1200

« 004 o0
« 104 o0
«0184713742863
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